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OBJECTIVE Recalculate the risk value, previously computed by RADTRAN 4, for exposures
other than the uniform default values used in each of the alternatives. The uniform default
values did not take into consideration the varying amounts of waste (curie [Cil) transported per
trip.

METHODOLOGY Recalculate the HLW transportation risk, from the Hanford Site to the
geologic repository , to the worker and public based on the waste loading per trip as well as the
total number of trips.

The first calculation of risk for the worker and public, and corresponding trips are listed in the
following table.

Table 1 - Calculation of Risk with Original Number of Trips

Alternative Number of Trips Risk

Worker Pub
li

c

Ex Situ No Sepatadons
(Nitrification)

2140 2.38 0.143

Ex Situ No Separations (Calcination) 1030 1.18 0.706

Ex Situ Intermediate 25 0.298 0.0181

A change in the waste loading was requested (SUGGEST A REFERENCE HERE) and is
being incorporated in the EIS. In this change, the inventory of waste (total curie of waste) is
the same but more t rips are involved. The numbers of trips have been changed to 14,700 for
Ex Situ No Separations Vit rification and 4150 for the Ex Situ No Separations Calcination
alternatives, and 30 for the Ex Situ Intermediate Separations alternative.

The RADTRAN 4 model was used for the trip number and the resultant risks were 25.7, 4.76,
and 1.46 for the worker; and 1.54, 0.285, and 0.0878 for the public for Ex Situ No
Separations Vitrification, Ex Situ No Separations Calcination and Ex Situ Intermediate
Separations alternatives, respectively.

The second calculation of risk for the worker and public, and the increased number of t rips are
listed in the following table.
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Table 2 - Calculation of Risk with Increased Trios

Alternative Number of Trips Risk

Worker Public

Ex Sim No Separations (Vitrification) 14700 25.7 1.54

Ex Sim No Separations (Calcination) 4150 4.76 0.285

Ex Situ 30 1.46 0.0878
Note: Risk was calculated based on the number of trips without consideration of the waste loading per trip.

Table 3 - Variance between Calculation of Risk with Ori ginal and Increased Trios

Alternative Worker Pop LCF
(Previous LCF)

Public LCF
(Previous LCF )

Worker - Difference Public - Difference

No Sepamtion?(Vit rification) 25.7 (2.38) 1.54 (0.143) +23.32 + 1.397

No Separations (Calcination) 4.76(l.18) 0.285 (0.706) + 3.58 -0.421

Ex Sim Intermediate
Separations with Cs, Sr

1.46 (0.298) 0.0878 (0.0181) + 1.162 +0.0697

Ex Sim Intermediate
Separations without Cs, Sr

1.46 (0.298) 0.0878 (0.0181) + 1.162 + 0.0697

The increase in the number of fatalities calculated in the preceding table was due to the
increase in the number of trips without a corresponding adjustment in the default value being
made for the content of the shipments. The same curies (Ci) of waste are transported under
both cases, but the case with more trips will have less exposure per trip because of dilution of
the waste with more glass materials. For example:

1) If a total of 100 curies is transported in 5 trips, the content of the shipment would be
10015 = 20 curies per shipment;

2) If a total of 100 curies is transported in 10 trips, the content of the shipment would be
100/10 = 10 curies per shipment.

Assuming that the exposure from 20 curies per shipment and the exposure from 10 curies per
shipment to be the same is not technically correct.

The risk result of the second case changes with the higher number of trips, and is reduced by
the ratio of the number of trips as follows:

Ex Situ No Separation Vitrification
Worker 25.7 LCFs x 2140/14700 = 25.7 x (0.1456) = 3.74 LCFs
Public 1.54 LCFs x 2140/14700 = 1.54 x (0.1456) = 0.224 LCFs

Ex Situ No Separation Calcination
Worker 4.76 LCFs x 1030/4150 = 4.76 x (0.248) = 1.18 LCFs
Public 0.285 LCFs x 1030/4150 = 0.285 x (0.248) = 0.07 LCFs
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Ex Situ Intermediate Separations
Worker 1.46 LCFs x 25/30 = 1.46 x (0.83) = 1.21 LCFs
Public 0.0878 LCFs x 25/30 = 0.088 x (0.83) = 0.073 LCFs

Table 4 - Calculation of Risk with Adjusted Ratio

Alternative Adjusted Ratio
Original # Trips /
Increased Trips

Adjusted Risk - Risk from Table 2 x Adjusted Ratio

Worker Public

Ex Situ No Separa tions (Vitrification) 2140/14700 = 0.1456 3.74 0.224

Ex Sim No Separations (Calcina tion) 1030/4150 = 0.248 1.18 0.07

Ex Sim Intermediate 25/30 -0.83 1	 1.21 0.073

Note: Risk was calculated based on the number of trips with conside ration of the waste loading per t rip.

Table 5 - Variance between Calculation of Risk with Increased Tri ps and Adiusted Ratio

Alternative Worker Pop LCF
(Previous LCF)

Pub
li

c LCF
(Previous LCF )

Worker - Difference Public - Difference

No Separations (Vitrification) 3.74 (25.7) 0.224 (1.54) -21.96 -1.316

No Separations (Calcina tion) 1.18 (4.76) 0.07 (0.285) -3.58 -0.215

Ex Sim Intermediate
Separations with Cs, Sr

1.21 (1.46) 0.073 (0.0878) -0.25 - 0.0148

Ex Sim Intermediate
Separations without Cs, Sr

1.21(l.46) 0.073 (0.0878) - 0.25 - 0.0148

Attached are two RADTRAN 4 computer outputs. The first (Run A) is for the dose rate of
13.05 mrem/hr at 2 meters that results in an 8.47E-02 rem overall integrated dose. The
second (Run B) is for 6.50 tnrem/hr (half the value of Run A) that results in a total integrated
dose of 3.93E-02.

13.05/6.50 = 8.47E-02/3.93E-02 = 2.008 = 2.155

This demonstrates the linear relationship between the dose rate and the total integrated dose.

ASSUMPTIONS The waste inventory (Ci of waste) is constant. The more trips, the le
exposure per trip; and the less trips the mn7g exposure per trip. 	

g

^C D/DAB] V

CALCULATION & RESULTS
ATTACHED
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RUN DATE:	 [ 22-FEB-96 AT 15:04:21 ]
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RADTRAN 4.0.18 VERSION DATE: SEPTEMBER 24, 1995

MODE DESCRIPTIONS

NUMBER NAME CHARACTERIZATION
1 TRUCK LONG HAUL VEHICLE
2 RAIL COMMERCIAL TRAIN
3 BARGE INLAND VESSEL
4 SHIP OPEN SEA VESSEL
5 CARGO AIR CARGO AIRCRAFT
6 PASS AIR PASSENGER AIRCRAFT
7 P-VAN PASSENGER VAN
8 CVAN-T COMMERCIAL VAN
9 CVAN-R COMMERCIAL VAN
10 CVAN-CA COMMERCIAL VAN
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	NI63
	

NP237

	

RU106
	

SM151

	

U234
	

U235

4.025E+01
1.000E+01

1.000E+02
1.000E+00

2.416E+01
6.000E+01
1.000E+02
5.000E+00

RUN DATE: [ 22-FEB-96 AT 15:04:21 ]
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ECHO CHECK

&& Edited Thu Feb 22 15:03:39 1996

&& NOSEPVW.IN4
TITLE REDUCED-DOSE-RATE-CASE-FORM UNIT

DIMEN 20 5 2 10 18
PARM13210

POPDEN	 3.400,	 406.000	 1959.100
PACKAGE

LABGRP
GRP1	 GRP2

SHIPMENT
LABISO

AM241	 AM243	 CM244	 C5137
PU238	 PU239	 PU240	 PU241
SN126	 SR90	 TC99	 U233
U238	 ZR93

NORMAL
NMODE=2

9.360E-01 5.500E-02 9.000E-03 6.437E+01
5.000E+00 1.524E+02 2.000E+00 3.300E-02
2.000E+00 1.000E+02 2.000E+01 4.000E+00
3.000E+00 0.000E+00 1.000E+00 0.000E+00
5.000E+00

ACCIDENT

ARATMZ
NMODE=2	 6.620E-08	 6.620E-08	 6.620E-08

SEVFRC

NPOP=1

NMODE=2

9.94E-01 2.02E-03 3.34E-03 5.55E-04 1.71E-07
NPOP=2

NMODE=2

9.94E-01 2.02E-03 3.34E-03 5.55E-04 1.71E-07
NPOP=3

NMODE=2

9.94E-01 2.02E-03 3.34E-03 5.55E-04 1.71E-07
RELEASE

RFRAC
GROUP=1

0.00E+00 0.00E+00 3.70E-05 3.70E-03 5.00E-02
GROUP=2

0.00E+00 0.00E+00 2.00E-06 2.00E-03 1.00E-03
AERSOL

DISP=2

0.00E+00 0.00E+00 1.00E+00 1.00E+00 1.00E+00
DISP=7



L=dSIO
30-300'5 ZO-300'9 ZO-300'5 00+300'0 00+300'0

Z=dSIO
dS3a

00+300'1 00+300'T 00+300'1 00+300'0 00+300'0



RUN DATE: [ 22-FEB-96 AT 15:04:21 ]

_REDUCED DOSE_RATE_CASE_

0.00E+00 0.00E+00 1.00E+00 1.00E+00 1.00E+00
DEFINE	 U234

8.93E+07 1.73E-03 2.43E-05 1.30E+08 2.60E+05 0.00E+00
0.00E+00 1.00E-02 3.00E+00 8.20E+07 6.50E+04

DEFINE	 NI63

1.33E+05 1.71E-02 0.00E+00 3.00E+03 5.40E+02, 0.00E+00
0.00E+00 1.00E-02 2.00E+00 1.00E+05 5.30E+03

DEFINE SN126

3,65E+07 5.65E-02 7.70E-03 8.60E+04 1.70E+04 0.00E+00
0.00E+00 1.00E-02 2.00E+00 4.10E+05 2.10E+05

DEFINE ZR93

5.59E+08 1.96E-02 0.00E+00 8.10E+04 1.60E+03 0.00E+00
0.00E+00 1.00E-02 2.00E+00 4.50E+06 9.80E+04

EOF

ISOTOPES	 2 146860	 1.00 6.500	 1.00	 0.00	 HLW
AM241 7.08E-01 GRP2 2
AM243 2.26E-04 GRP2 2
CM244 8.04E-04 GRP2 2
CS137 2.38E+02 GRP1 7
NI63 1.83E+00 GRP2 2

NP237 4.75E-04 GRP2 2
PU238 7.35E-03 GRP2 2
PU239 1.80E-01 GRP2 2
PU240 4.56E-02 GRP2 2
PU241 5.10E-01 GRP2 2
RU106 2.58E-07 GRP1 7
SM151 4.29E+00 GRP2 2
SN126 4.27E-03 GRP2 2
SR90 2.97E+02 GRP2 2
TC99 2.19E-01 GRP2 2
U233 8.24E-08 GRP2 2
U234 1.44E-06 GRP2 2
U235 1.40E-04 GRP2 2
0238 3.28E-03 GRP2 2
ZR93 2.68E-02 GRP2 2

DISTKM

NMODE=2	 2140.50
PKGSIZ

HLW 5.00
EOF

PAGE	 3



RUN DATE: [ 22-FEB-96 AT 15:04:21 ] 	 PAGE	 4

0

-REDUCED-DOSE-RATE-CASE-RE

GULATORY CHECKS



RUN DATE: [ 22-FEB-96 AT 15:04:21 ] 	 PAGE	 5

_REDUCED_DOSE_RATE CASE

CALCULATIONAL INFORMATION FOR MODE 	 RAIL

FOR SEVERITY CATEGORY 4 AREA 1 HAS BEEN INTERDICTED.
THERE WILL BE NO 50 YEAR GROUNDSHINE DOSE AND NO INGESTION DOSE.

FOR SEVERITY CATEGORY 4 AREA 2 HAS BEEN INTERDICTED.

THERE WILL BE NO 50 YEAR GROUNDSHINE DOSE AND NO INGESTION DOSE.

.FOR SEVERITY CATEGORY 4 AREA 3 HAS BEEN INTERDICTED.

THERE WILL BE NO 50 YEAR GROUNDSHINE DOSE AND NO INGESTION DOSE.

FOR SEVERITY CATEGORY 5 AREA 1 HAS BEEN INTERDICTED.

THERE WILL BE NO 50 YEAR GROUNDSHINE DOSE AND NO INGESTION DOSE.

FOR SEVERITY CATEGORY 5 AREA 2 HAS BEEN INTERDICTED.

THERE WILL BE NO 50 YEAR GROUNDSHINE DOSE AND NO INGESTION DOSE.

FOR SEVERITY CATEGORY 5 AREA 3 HAS BEEN INTERDICTED.

THERE WILL BE NO 50 YEAR GROUNDSHINE DOSE AND NO INGESTION DOSE.

FOR SEVERITY CATEGORY 5 AREA 4 HAS BEEN INTERDICTED.
THERE WILL BE NO 50 YEAR GROUNDSHINE DOSE AND NO INGESTION DOSE.

FOR SEVERITY CATEGORY 5 AREA 5 HAS BEEN INTERDICTED.

THERE WILL BE NO 50 YEAR GROUNDSHINE DOSE AND NO INGESTION DOSE.

FOR SEVERITY CATEGORY 5 AREA 6 HAS BEEN INTERDICTED.
THERE WILL BE NO 50 YEAR GROUNDSHINE DOSE AND NO INGESTION DOSE.



RUN DATE: [ 22-FEB-96 AT 15:04:21 ]	 PAGE	 6

-REDUCED-DOSE-RATE-CASE-

INCIDENT-FREE SUMMARY

INCIDENT-FREE POPULATION EXPOSURE IN PERSON-REM

PASSENGR CREW HANDLERS OFF LINK ON LINK STOPS STORAGE TOTALS
LINK . 1 0.00E+00 3.20E+04 1.57E+04 2.50E+02 3.27E+01 1.26E+03 4.12E+02 4.97E+04

TOTALS: 0.00E+00 3.20E+04 1.57E+04 2.50E+02 3.27E+01 1.26E+03 4.12E+02 4.97E+04

MAXIMUM INDIVIDUAL IN-TRANSIT DOSE

LINK 1 3.93E-02 REM



RUN DATE: [ 22-FEB-96 AT 15:04:21 ]

-REDUCED-DOSE-RATE-CASE-

EXPECTED VALUES OF POPULATION RISK IN PERSON REM

PAGE	 7

GROUND	 INHALED
HLW

AM241 1.41E-05 4.00E-04

AM243 8.03E-09 1.28E-07
CM244 4.24E-10 2.39E-07
CS137 1.13E-01 2.85E-04

NI63. 1.91E-05 5.26E-09

NP237 1.04E-08 2.55E-07
PU238 7.13E-09 3.73E-06

PU239 9.12E-08 9.83E-05
PU240 5.01E-08 2.49E-05

PU241 3.49E-10 4.84E-06

RU106 3.52E-12 7.74E-12

SM151 3.09E-08 1.36E-07
SN126 1.54E-07 3.52E-10

SR90 0.00E+00 6.83E-04
TC99 0.00E+00 2.94E-09

U233 6.87E-14 1.89E-11
U234 1.59E-12 1.79E-10
U235 1.37E-08 2.95E-08
U238 2.84E-09 6.91E-07
ZR93 3.34E-07 2.08E-09

RESUSPD

1.82E-03

5.83E-07
1.03E-06
1.26E-03

2.39E-08

1.16E-06
1.68E-05

4.49E-04
1.14E-04

2.06E-05

1.77E-11

6.12E-07
1.61E-09

3.01E-03
1.34E-08

8.65E-11
8.18E-10
1.35E-07
3.14E-06
9.49E-09

CLOUDSH *INGESTION TOTAL

1.24E-10 0.00E+00 2.24E-03

1.06E-13 0.00E+00 7.19E-07
6.21E-16 0.00E+00 1.27E-06
0.00E+00 0.00E+00 1.14E-01

0.00E+00 0.00E+00 1.91E-05

1.00E-13 0.00E+00 1.43E-06
5.97E-15 0.00E+00 2.06E-05

1.36E-13 0.00E+00 5.47E-04
3.63E-14 0.00E+00 1.39E-04

0.00E+00 0.00E+00 2.54E-05

0.00E+00 0.00E+00 2.89E-11

3.61E-14 0.00E+00 7.78E-07
1.91E-12 0.00E+00 1.56E-07

0.00E+00 0.00E+00 3.69E-03
1.07E-15 0.00E+00 1.63E-08

1.82E-19 0.00E+00 1.05E-10
2.03E-18 0.00E+00 9.99E-10
1.98E-13 0.00E+00 1.78E-07
3.14E-15 0.00E+00 3.84E-06
0.00E+00 O.00E+00 3.46E-07

TOTALS: 1.13E-01 1.50E-03 6.70E-03 1.26E-10 0.00E+00 1.21E-01

* NOTE THAT INGESTION RISK IS A SOCIETAL RISK;
THE USER MAY WISH TO TREAT THIS VALUE SEPARATELY.
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RUN DATE: [ 22-FEB-96 AT 15:04:21 ] 	 PAGE	 8

-REDUCED-DOSE-RATE-CASE-

EXPECTED RISK VALUES - OTHER

LINK	 ECON EARLY
$$ FATALITY

1	 0.00E+00 0.00E+00

TOTAL	 0.00E+00 0.00E+00

TOTAL EXPOSED POPULATION: INCIDENT-FREE

RAIL RURAL	 1.09E+04 PERSONS
RAIL SUBURBAN	 7.65E+04 PERSONS
RAIL URBAN	 6.04E+04 PERSONS

TOTAL 1.48E+05 PERSONS

TOTAL EXPOSED POPULATION: ACCIDENT
(PERSONS UNDER PLUME FOOTPRINT FOR A SINGLE ACCIDENT)

RAIL RURAL	 4.59E+03 PERSONS
RAIL SUBURBAN	 5.48E+05 PERSONS
RAIL URBAN	 2.64E+06 PERSONS

EOI

END OF RUN

TOTAL EXPOSED POPULATION: INCIDENT-FREE

RAIL RURAL	 1.09E+04 PERSONS
RAIL SUBURBAN	 7.65E+04 PERSONS
RAIL URBAN	 6.04E+04 PERSONS

TOTAL 1.48E+05 PERSONS

TOTAL EXPOSED POPULATION: ACCIDENT
(PERSONS UNDER PLUME FOOTPRINT FOR A SINGLE ACCIDENT)

RAIL RURAL	 4.59E+03 PERSONS
RAIL SUBURBAN	 5.48E+05 PERSONS



RAIL URBAN	 2.64E+06 PERSONS
EOI
END OF RUN



&& Edited Thu Feb 22 15:03:39 1996

&&	 NOSEPVW.IN4
TITLE	 REDUCED_50SE_RATE_CASE_
FORM UNIT

DIMEN 20 5 2 10 18
PARM13210

POPDEN	 3.400 406.000	 1959.100
PACKAGE

LABGRP

GRP1 GRP2

SHIPMENT

LABISO
AM241 AM243	 CM244	 CS137 NI63 NP237

PU238 PU239	 PU240	 PU241 RU106 SM151
SN126 SR90	 TC99	 U233 U234 U235
U238 ZR93

NORMAL
NMODE=2

9.360E-01 5.500E-02	 9.000E-03	 6.437E+01	 4.025E+01 2.416E+01
5.000E+00 1.524E+02	 2.000E+00	 3.300E-02	 1.000E+01 6.000E+01
2.000E+00 1.000E+02	 2.000E+01	 4.000E+00	 1.000E+02 1.000E+02

3.000E+00 0.000E+00	 1.000E+00	 0.000E+00 1.000E+00 5.000E+00
5.000E+00

ACCIDENT

ARATMZ

NMODE=2 6.620E-08	 6.620E-08	 6.620E-08
SEVFRC

NPOP=1
NMODE=2
9.94E-01 2.02E-03	 3.34E-03	 5.55E-04 1.71E-07

NPOP=2
NMODE=2

9.94E-01 2.02E-03	 3.34E-03	 5.55E-04 1.71E-07
NPOP=3

NMODE=2
9.94E-Oi 2.02E-03	 3.34E-03	 5.55E-04 1.71E-07

RELEASE
RFRAC
GROUP=1

O.00E+00 0.00E+00	 3.70E-05	 3.70E-03 5.00E-02
GROUP=2

0.00E+00 0.00E+00	 2.00E-06	 2.00E-03 1.00E-03
AERSOL

DISP=2
0.00E+00 0.00E+00	 1.00E+00	 1.00E+00 1.00E+00

DISP=7
0.00E+00 0.00E+00	 1.00E+00	 1.00E+00 1.00E+00

RESP
DISP=2

0.00E+00 0.00E+00	 5.00E-02	 5.00E-02 5.00E-02
DISP=7

0.00E+00 0.00E+00	 1.00E+00	 1.00E+00 1.00E+00
DEFINE	 U234

8.93E+07 1.73E-03	 2.43E-05	 1.30E+08 2.60E+05	 0.00E+00



0.00E+00 1.00E-02 3.00E+00 8.20E+07 6.50E+04
DEFINE NI63

1.33E+05 1.71E-02 0.00E+00 3.00E+03. 5.40E+02 0.00E+00

0.00E+00 1.00E-02 2.00E+00 1.00E+05 5.30E+03
DEFINE SN126

3.65E+07 5.65E-02 7.70E-03 8.60E+04 1.70E+04 0.00E+00
0.00E+00 1.00E-02 2.00E+00 4.10E+05 2.10E+05

DEFINE ZR93

5.59E+08 1.96E-02 0.00E+00 8.10E+04 1.60E+03 0.00E+00
0.00E+00 1.00E-02 2.00E+00 4.50E+06 9.80E+04

EOF
ISOTOPES	 2 146860	 1.00 6.500

AM241 7.08E-01 GRP2	 2
AM243 2.26E-04 GRP2	 2
CM244 8.04E-04 GRP2	 2

CSa37 2.38E+02 GRP1	 7
NI63 1.83E+00 GRP2	 2

NP237 4.75E-04 GRP2	 2
PU238 7.35E-03 GRP2	 2
PU239 1.80E-01 GRP2	 2
PU240 4.56E-02 GRP2	 2

PU241 5.10E-01 GRP2	 2
RU106 2.58E-07 GRPI	 7
SM151 4.29E+00 GRP2	 2
SN126 4.27E-03 GRP2	 2
SR90 2.97E+02 GRP2	 2
TC99 2.19E-Oi GRP2	 2

U233 8.24E-08- GRP2	 2
U234 1.44E-06 GRP2	 2
0235 1.40E-04 GRP2	 2
U238 3.28E-03 GRP2	 2

ZR93 2.68E-02 GRP2	 2
DISTKM

NMODE=2	 2140.50
PKGSIZ

HLW 5.00
EOF
EOI

1.00	 0.00 HLW
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RRRR	 AAA DDDD
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44444
4
4
4

RADTRAN 4.0.18 VERSION DATE: SEPTEMBER 24, 1995

MODE DESCRIPTIONS

NUMBER NAME
i	 TRUCK
2	 RAIL
3	 BARGE
4	 SHIP
5	 CARGO AIR
6	 PASS AIR
7	 P-VAN
8	 CVAN-T
9	 CVAN-R
10 CVAN-CA

CHARACTERIZATION
LONG HAUL VEHICLE
COMMERCIAL TRAIN
INLAND VESSEL
OPEN SEA VESSEL
CARGO AIRCRAFT
PASSENGER AIRCRAFT
PASSENGER VAN
COMMERCIAL VAN
COMMERCIAL VAN
COMMERCIAL VAN



RUN DATE: [ 22-FEB-96 AT 14:58:12 ]

ECHO CHECK

&& Edited Thu Feb 22 14:57:21 1996
&& NOSEPVW.IN4_
TITLE -NO-SEPARATIONS-VITRIFIED-WITHOUT-CS-AND-SR
FORM UNIT

DIMEN 20 5 2 10 18
PARM 13210
POPDEN	 3.400	 406.000	 1959.100
PACKAGE .

LABGRP

GRP1	 GRP2
SHIPMENT

LABISO

AM241	 AM243	 CM244	 CS137	 NI63
PU238	 PU239	 PU240	 PU241	 RU106
SN126	 SR90	 TC99	 U233	 U234
U238	 ZR93

NORMAL

NMODE=2

9.360E-01 5.500E-02 9.000E-03 6.437E+01
5.000E+00 1.524E+02 2.000E+00 3.300E-02
2.000E+00 1.000E+02 2.000E+01 4.000E+00
3.000E+00 0.000E+00 1.000E+00 0.000E+00
5.000E+00

ACCIDENT

ARATMZ
NMODE=2	 6.620E-08	 6.620E-08	 6.620E-08

SEVFRC
NPOP=1

NMODE=2
9.94E-01 2.02E-03 3.34E=03 5.55E-04 1.71E-07

NPOP=2
NMODE=2

9.94E-01 2.02E-03 3.34E-03 5.55E-04 1.71E-07
NPOP=3

NMODE=2

9.94E-01 2.02E-03 3.34E-03 5.55E-04 1.71E-07
RELEASE

RFRAC

GROUP=1

0.00E+00 0.00E+00 3.70E-05 3.70E-03 5.00E-02
GROUP=2
0.00E+00 0.00E+00 2.00E-06 2.00E-03 1.00E-03

AERSOL
DISP=2
0.00E+00 0.00E+00 1.00E+00 1.00E+00 1.00E+00

DISP=7

PAGE	 2

NP237

SM151
U235

4.025E+01 2.416E+01
1.000E+01 6.000E+01
1.000E+02 1.000E+02
1.000E+00 5.000E+00



0.00E+00 0.00E+00 1.00E+00 1.00E+00 1.00E+00
RESP

DISP=2
0.00E+00 0.00E+00 5.00E-02 5.00E-02 5.00E-02

DISP=7



RUN DATE: [ 22-FEB-96 AT 14:58:12 ]

-NO-SEPARATIONS-VITRIFIED-WITHOUT-CS-AND-SR

0.00E+00 0.00E+00 1.00E+00 1.00E+00 1.00E+00
DEFINE U234

8.93E+07 1.73E-03 2.43E-05 1.30E+08 2.60E+05 0.00E+00
0.00E+00 1.00E-02 3.00E+00 8.20E+07 6.50E+04

DEFINE	 NI63

1.33E+05 1.71E-02 0.00E+00 3.00E+03 5.40E+02 0.00E+00
0.00E+00 1.00E-02 2.00E+00 1.00E+05 5.30E+03

DEFINE SN126

3,65E+07 5.65E-02 7.70E-03 8.60E+04 1.70E+04 0.00E+00

0.00E+00 1.00E-02 2.00E+00 4.10E+05 2.10E+05
DEFINE ZR93

5.59E+08 1.96E-02 0.00E+00 8.10E+04 1.60E+03 0.00E+00
O.00E+00 1.00E-02 2.00E+00 4.50E+06 9.80E+04

EOF

PAGE	 3_

ISOTOPES	 2 146860	 1.00 14.000
AM241 7.08E-Oi GRP2	 2
AM243 2.26E-04 GRP2	 2
CM244 8.04E-04 GRP2	 2
CS137 2.38E+02 GRP1	 7
NI63 1.83E+00 GRP2	 2

NP237 4.75E-04 GRP2	 2
PU238 7.35E-03 GRP2	 2
PU239 1.80E-01 GRP2	 2
PU240 4.56E-02 GRP2	 2
PU241 5.10E-01 GRP2	 2
RU106 2.58E-07 GRP1	 7
SM151 4.29E+00 GRP2	 2
SN126 4.27E-03 GRP2	 2
SR90 2.97E+02 GRP2	 2
TC99 2.19E-01 GRP2	 2
U233 8.24E-08 GRP2	 2
U234 1.44E-06 GRP2	 2
U235 1.40E-04 GRP2	 2
U238 3.28E-03 GRP2	 2
ZR93 2.68E-02 GRP2	 2

DISTKM
NMODE=2	 2140.50

PKGSIZ
HLW 5.00

EOF

1.00	 0.00 HLW



RUN DATE: [ 22-FEB-96 AT 14:58:12 ] 	 PAGE	 4

-NO-SEPARATIONS-VITRIFIED-WITHOUT-CS-AND-SR

REGULATORY CHECKS

MODE 2 HAS BEEN REDESIGNATED AS EXCLUSIVE USE

FOR THE SHIPMENT OF	 HLW BY MODE 2
THE DOSE RATE AT 2 METERS COULD EXCEED 10 MRAR
PPS*TI HAS BEEN RESET TO EQUAL 13.05



RUN DATE: [ 22-FEB-96 AT 14:58:12 ] 	 PAGE	 5

-NO-SEPARATIONS-VITRIFIED-WITHOUT-CS-AND-SR

CALCULATIONAL INFORMATION FOR MODE	 RAIL

FOR SEVERITY CATEGORY 4 AREA 1 HAS BEEN INTERDICTED.
THERE WILL BE NO 50 YEAR GROUNDSHINE DOSE AND NO INGESTION DOSE.

FOR SEVERITY CATEGORY 4 AREA 2 HAS BEEN INTERDICTED.
THERE WILL BE NO 50 YEAR GROUNDSHINE DOSE AND NO INGESTION DOSE.

FOR SEVERITY CATEGORY 4 AREA 3 HAS BEEN INTERDICTED.
THERE WILL BE NO 50 YEAR GROUNDSHINE DOSE AND NO INGESTION DOSE.

FOR SEVERITY CATEGORY 5 AREA 1 HAS BEEN INTERDICTED.
THERE WILL BE NO 50 YEAR GROUNDSHINE DOSE AND NO INGESTION DOSE.

FOR SEVERITY CATEGORY 5 AREA 2 HAS BEEN INTERDICTED.
THERE WILL BE NO 50 YEAR GROUNDSHINE DOSE AND NO INGESTION DOSE.

FOR SEVERITY CATEGORY 5 AREA 3 HAS BEEN INTERDICTED.
THERE WILL BE NO 50 YEAR GROUNDSHINE DOSE AND NO INGESTION DOSE.

FOR SEVERITY CATEGORY 5 AREA 4 HAS BEEN INTERDICTED.
THERE WILL BE NO 50 YEAR GROUNDSHINE DOSE AND NO INGESTION DOSE.

FOR SEVERITY CATEGORY 5 AREA 5 HAS BEEN INTERDICTED.

THERE WILL BE NO 50 YEAR GROUNDSHINE DOSE AND NO INGESTION DOSE.

FOR SEVERITY CATEGORY 5 AREA 6 HAS BEEN INTERDICTED.
THERE WILL BE NO 50 YEAR GROUNDSHINE DOSE AND NO INGESTION DOSE.



RUN DATE: [ 22-FEB-96 AT 14:58:12 ] 	 PAGE	 6

_NO_SEPARATIONS_VITRIFIED_WITHOUT_CS_AND_SR

INCIDENT-FREE SUMMARY

INCIDENT-FREE POPULATION EXPOSURE IN PERSON-REM

PASSENGR CREW HANDLERS OFF LINK ON LINK STOPS STORAGE TOTALS
LINK 1 O.00E+00 6.43E+04 3.15E+04 5.01E+02 6.55E+01 2.52E+03 8.87E+02 9.97E+04

TOTALS: 0.00E+00 6.43E+04 3.15E+04 5.01E+02 6.55E+01 2.52E+03 8.87E+02 9.97E+04

MAXIMUM INDIVIDUAL IN-TRANSIT DOSE

LINK 1 8.47E-02 REM



RUN DATE: [ 22-FEB-96 AT 14:58:12 ] 	 PAGE	 7

_NO_SEPARATIONS_VITRIFIED_WITHOUT_CS_AND_SR

EXPECTED VALUES OF POPULATION RISK IN PERSON REM

GROUND	 INHALED

HLW

AM241 1.41E-05 4.00E-04
AM243 8.03E-09 1.28E-07
CM244 4.24E-10 2.39E-07
CS137 1.13E-01 2.85E-04

NI64 1.91E-05 5.26E-09
NP237 1.04E-08 2.55E-07

PU238 7.13E-09 3.73E-06
PU239 9.12E-08 9.83E-05

PU240 5.01E-08 2.49E-05

PU241 3.49E-10 4.84E-06

RU106 3.52E-12 7.74E-12
SM151 3.09E-08 1.36E-07

SN126 1.54E-07 3.52E-10
SR90 0.00E+00 6.83E-04

TC99 0.00E+00 2.94E-09
U233 6.87E-14 1.89E-11

U234 1.59E-12 1.79E-10
U235 1.37E-08 2.95E-08
U238 2.84E-09 6.91E-07
ZR93 3.34E-07 2.08E-09

RESUSPD

1.82E-03
5.83E-07

1.03E-06
1.26E-03

2.39E-08
1.16E-06

1.68E-05
4.49E-04

1.14E-04

2.06E-05

1.77E-11

6.12E-07

1.61E-09
3.01E-03

1.34E-08

8.65E-11
8.18E-10
1.35E-07
3.14E-06
9.49E-09

CLOUDSH

1.24E-10
1.06E-13

6.21E-16
0.00E+00

0.00E+00
1.00E-13

5.97E-15
1.36E-13

3.63E-14
0.00E+00

0.00E+00
3.61E-14

1.91E-12
0.00E+00

1.07E-15

1.82E-19
2.03E-18
1.98E-13
3.14E-15
0.00E+00

*INGESTION TOTAL

0.00E+00 2.24E-03
0.00E+00 7.19E-07

0.00E+00 1.27E-06
0.00E+00 1.14E-01

0.00E+00 1.91E-05
0.00E+00 1.43E-06

0.00E+00 2.06E-05
0.00E+00 5.47E-04

0.00E+00 1.39E-04
0.00E+00 2.54E-05

0.00E+00 2.89E-11

0.00E+00 7.78E-07
0.00E+00 1.56E-07

0.00E+00 3.69E-03
0.00E+00 1.63E-08

0.00E+00 1.05E-10
0.00E+00 9.99E-10
0.00E+00 1.78E-07
0.00E+00 3.84E-06
0.00E+00 3.46E-07

TOTALS: 1.13E-01 1.50E-03 6.70E-03 1.26E-10 0.00E+00 1.21E-01

* NOTE THAT INGESTION RISK IS A SOCIETAL RISK;
THE USER MAY WISH TO TREAT THIS VALUE SEPARATELY.



RUN DATE: L 22-FEB-96 AT 14:58:12 ]	 PAGE	 8

0

-NO-SEPARATIONS-VITRIFIED-WITHOUT-CS-AND-SR

EXPECTED RISK VALUES - OTHER

LINK	 ECON	 EARLY
$$	 FATALITY

1	 0.00E+00	 0.00E+00

TOTAL 0.00E+00 0.00E+00
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:fEB. -29' 96iTHUI 15:26	 AERG OAK RIDGE	 TEL:615 7205245	 P.002

Richland Pathways Analysis

Table 3.1

Radionuclide Source Term

r

Notes:

isatopo Half-Life (years) Activity (Curies) (1)

Am-241 458 464.3

C-14 5.73E+03 3880.7

Cd-113 1.3E+15 2.94

CI-36 i	 3.081=+05 34.5

Hr-182' 9.00E6 1.56

1-120 1.70E+07 5.77

In-115 6.00E14 2.99

K-40 126E-09 4.7

Nb-94 2.00E+04 0.94

Ni-59 8.00E+04 187.91

NI-63 92 35,426.6

Pu-238 86.4 11,442.99
Pu-230 2.44E+04 12.945.7`

Pu-240 6.60E+03 induded with Pu-239

Pu-241 132 NA

Pu-242 3.79E5 240.48

Ra-226 1.50E+03 207.5

Sr-90 27.7 35,334.4

To-99 2.12E+05 65.6

Th-232 1.41 E+10 636.5

U-238 4.51 E+OA 10.938.24

M

ra
Combines total activity for Pu-239 and Pu-240; use Pu-239 hair-lire

(1) Includes activity through 1993 and predicted future activity (1994-2053)

853770: December 1 US4	 3-13



FEB. -29' 96ITHU) 13:26 	 AERG OAK RIDGE	 TEL:615 7203215	 P.005

Hichtana Pathways Analysts

Table 3.7

Estimated Concentrations at Hypothetical Well (pCi/L)

INPUT FOR RWELLI.OUT

RICHI.DAT (K=1000 FT/D, INFIL = 0.2 IN/YR, DEPTH = 265 FT, FOR = 0.30)

Isotope TRANSS
RICHCOUT

(pCifL)

Dilution
Factor

Well Conc.
(pCiiL)

Conversion
Factor

PRESTO
Input

(Cucu. m)

Status for
PRESTO

Am-241 7.29E-120 0.0004 ?-.5E-423, 1.00E-09 2.9E-132 Ignore

C-14 13615.1 0.0004 5.40604 1.00E-09 5.41E-09 Retain

CI-36 1	 16.9191 0.0004 0.006768 1.00E-09 6.77E-12 Ignore

1-129 16.8499 0.0004 0.00674 1.00E-09 6.74E-12 Retain

K-40 22.7167 0.0004 0.009087 1	 1.00E-09 9.09E-12 Retain

Nb-94 0.85E-12 0.0004 2.74E-15 1.00E-09 2.74E-24 Retain

Ni-59 0.211616 0.0004 8.48E-05 1.00E-09 8.48E-14 Retain

Ni-63 9.11E-92 0.0004 3.64E-95 1.00E-09 3.6E-104 Ignore
Pu-238 1.09E-79 0.0004 4.38E-83 1.00E-09 4.38E-92 Ignore

Pu-239 3.57054 0.0004 0.001428 1.00E-09 1.43E-12 Retain

Pu-242 40.7807 0.0004 0.016312 1.00E-09 1.63E-11 Retain

Ra-226 3.11E-31 0.0004 1.24E-34 1.00E-09 1.24E-43 Retain

Sr-90 8.02E-10 0.0004 321E-13 1.00E-09 3.21E-22 Retain

o-99 8,251.5 0.0004 3.301 1.00E-09 3.30E-09 Retain

h-232 373.886 0.0004 0.749474 1.00E-09 1.49E-10 Retain

U-236 852.955	 1 0,0004 .341182 1.00E-09	 1 3.41E-10 Retain

Note:
Isotopes less than 1E-50 pCi1L were ignored
Dose rates for CI-36 were not calculated by PRESTO -11, but were instead
calculated by hand

853770: December 1994 	 3-19
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Predicted Maximum G roundwater
Concentration
U.S. Ecolocgy Site
And Time of Peak

TC-99	 1-129
pCVL	 pCilL
(years)	 (years)

3.301 6.74E-03

U-238 Nitrate
pCilL Metric Tonnes
(years) (years)

3.4E-01
p 

e jL

Predicted Maximum Groundwater 	 7.376185 0.000078 223.002 0.171233 ^D C.; ^G
Concentrations for the
ERDF
Peak Ar rival Time	 (1445 yrs)) (1445 yrs) (1445 yrs) (1445 yrs)

Dose Conv. Factor (mremlpC i) 	1.3E-06 2.8E-04 2.1 E-06 2.4E-04
Max GW Dose (mremlyr) 	 0.007 0.0002 0.342 0.03

Predicted Maximum Groundwater
Conrentratinn^ fnr the. I .I W
Burial in 20DW
Peak Arrival Time

Category 1 (no cap)
3.6E-041.4E-02

Category 3 (cap)
1.61	 1 20

.'1553
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FEB. -29' 961TH6`1 15:26	 AERC OAK RIDGE	 TEL:615 2205245	 p, 002

Richland Pathways Analysis

Tabie 3.1

Radionuclide Source Term

0

isotope Half-Life (years) Activity (Curies) (1

Am-241 458 464.3

C-14 5.73E+03 3580.7

Cd-113 1.3E+15 2.94

CI-36 3.08E+05 34.5

Hf-182* 9.00E6 1.56

1-123 1.70E+07 5.77

In-115 6.00E14 2.99

K-40 1.26E-09 4.7

Nb-94 2.00E+04 0.94

Ni-59 8.00E+04 187.91

NI-63 92 35,426.5

Pu-238 86.4 11,442.99

Pu-230 2.44E+04 12,945.7'

Pu-240 6.60E+03 included with Pu-239

Pu-241 132 NA

Pu-242 3.79E5 240.48

Ra-226 1.60E+03 207.8

Sr-90 27.7 35,334.4

Tc-99 2.12E+05 65.6

Th-232 1.41 E+10 636.5

U-238 4.51E+09 10,938.24

Notes:

Combines total activity for Pu-239 and Pu-240; use Pu-239 hair-lire;
(1) Includes activity through 1993 and predicted future activity (1994-2063)

853770: December'15y4	 3-13
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Kictlana Pattiways AnalYSIS

Table 3.7

Estimated Concentrations at Hypothetical Well (pCi/L)

INPUT FOR RWELL1.OUT

RICHI.DAT (K=1000 FTlD, INFIL = 0.2 IN/YR, DEPTH = 265 FT, POR = 0.30)

Isotope

Am-241

TRANSS
RICH1.OUT

( Ci/L)

Dilution
Factor

Well Cone.
(pCUL)

Conversion
Factor

PRESTO
Input

(ClIcu. m)

Status for
PRESTO

7.29E-120 0.0004 2. 1.00E-09 2.9E-132 Ignore

C-14 13615.1 0.0004 5.40604 1.00E-09 5.41E-09 Retain

CI-38 16.9191 0.0004 0.006768 1.00E-09 6.77E-12 Ignore

1-129 16.8499 0.0004 1,LO.00674 1.00E-09 6.74E-12 Retain

RetainK-40 22.7167 0.0004 0.009087 1.00E-09 9.09E-12

Nb-94 0.65E-12 0.0004 2.74E-15 1.00E-09 2.74E-24 Retain

W59 0.211916 0.0004 8.48E-05 1.00E-09 8.48E-14 Retain

Ni-63 9.11E-92 0.0004 3.64E-95 1.00E-09 3.6E-104 Ignore

Pu-238 1.09E-79 0.0004 4.38E-83 1.00E-09 4.38E-92 ignore

Pu-239

Pu-242

3.57054 0.0004 0.001428 1.00E-09 1.43E-12 Retain

40.7807 0.0004 0.016312 1.00E-09 1.63E-11 Retain

Ra-226 3.11E-31 0.0004 1.24E-34 1.00E-09 1.24E-43 Retain

Sr-90 8.02E-10 0.0004 321E-13 1.00E-09 3.21E-22 Retain

C-99 8,251.5 0.0004 3.301 1.00E-09 3.30E-09 Retain

h-232 373.586 0.0004 0.149474 1.00E-09 1.49E-10 Retain

U-2$8 852.955 0.0004 .341182 1.00E-09 3.41 E-10 Retain

'sue
Isotopes less than 1E-50 pC1/L were ignored
Dose rates for CI-36 were not calculated by PRESTO-11, but were instead
calculated by hand	 a

853770: December 1994	 3-19
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Predicted Maximum Groundwater
Concentration
U.S. Ecolocgy Site
And Time of Peak

Tc-99 1-129 -14 U-238 Nitrate
PUTT pCi/L pCA pci/L Metric Tonnes
(years) (years) (years) I (years) (years)

3.301 6.74E-03 5.411 3.4E-01
p 

^-W14

Predicted Maximum Groundwater 	 7.376185 0.000078 223.032 0.171233 1V
Concentrations for the
ERDF
Peak Arrival Time	 (1445 yrs)) (1445 yrs) (1445 yrs) (1445 yrs)

Dose Conv. Factor (mrem/pCi) 	 1.3E-06 2.8E-04 2.1E-06 2.4E-04
Max GW Dose (mrem/yr)	 0.007 0.0002 0.342 0.03

Predicted Maximum Groundwater
Cnncentrntinne for the. I.I.W
Burial in 20OW
Peak Arrival Time

Catego ry 1 (no cap)
Max GW Dose (mrem/yr)	 2.5E-03 1.4E-02 1.3E- 3.6E-04

Category 3 (cap)
Max GW Dose (r

p4 ,c L	
9G-0 I I	

I Z daaG
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woidprocessed from Excel tables (the original source documents).

METHODOLOGY For those tables with a "total" indicated, the components that comprise
the total were added together. Any differences between the recalculated total and the total
appearing in Rev. C were indicated and the total figure appearing in Rev. C was included in
the line following the recalculated figure. Any differences that were significant enough to
impact the analysis (i.e., orders of magnitude) were research by referring back to the original
Excel tables, the figure(s) appearing in Rev. C were then reconciled to the Excel calculations,
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ASSUMPTIONS
1. Minor discrepancies may occur because of rounding numbers.
2. The more rounded numbers that are added together, the greater the potential that

discrepancies will occur and that these discrepancies will be larger.
3. Discrepancies resulting from adding rounded numbers should not exceed a difference of

a magnitude (exponent) of 1.
4. Discrepancies exceeding a difference of a magnitude of 1 indicate a potential error in

data transcription.
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TABLE D.4.1.6
EMISSIONS HAZARD/MEi WKR RISK/MEI WKR
Carbon Monoxide
Nitrogen Oxide
1,3-Butadiene _ 5.70E-07
2-Hexanone

2-Pentanone

Acetone 4.72E-03
AcetonitrHe 1.62E-02

Benzene 6.36E-03 1.34E-07
He Lane
Methyl N-am 1 Ketone 1.17E-03
N-hexane 5.09E-04
Nonane

Octane
Toluene 2.01E-05
Ammonia 4.79E-02
Phosphoric Acid Tribdtyl Ester

Carbon Tetrachlo ride 3.94E-08 5.10E-13
Ethyl Butyl Ketone 3.27E-09

Methyl Chloride 8.97E-15
Tetrahyd rof

f
u
ur
ran

.....^	
' q<<ad is	

aa. a""'p^4°^'^°o`^`Yol^b
R.0 .vm. mYtaa..	 s.:	 5.k	 ,^^S:o

TOTAL SHOWN IN REV C

$	 aaQO4	 5 Y'aj°,F.,	 C	 M	 o....`65E-02

7.70E-02

^.te^^acoww.,	
fr;rYYAA

'i••'^J`Inlw^7.

7.05E-07

TABLE D.4.1.7
EN=ONS HAZARD/MEI WKR RISK/MEI WKR

Carbon Monoxide
Nitrogen Oxide
1.3-Butadiene 2.46E-07
2-Hexanone

2-Pentanone

Acetone 2.04E-03
Acetonitrile 7.03E-03
Benzene 2.75E-03
Hep tane 5.81E-08
Methyl N-amyl Ketone 5.05E-04
N-hexane 2.20E-04
Nonane
Octane
Toluene 8.71E-06
Ammonia 2.07E-02
Phosphoric Acid Tributyl Ester
Carbon Tetrachlo ride 1.71E-08 2.21E-13
Ethyl Butyl Ketone 1.42E-09
Methyl Chloride 3.88E-15
Tettahydrofuran

k	 ^?3	 "a o<°^d.^`a<szaare r,;e"
WIN

TOTAL SHOWN IN REV C
'

T`r	
$^ `*^<'<'^^`'e'' 	 s

..e"^P m^^n^S'°sg"•33..F̂.^^2 r,.::;^,.<.^ea	 >.,,:,	 cc•..<e'^0,4E^7

V 3.05E-07

TABLE DA.1.8
EMISSIONS HAZARD/MEI WKR RISK/MEI WKR
Acetone 1.13E-06
Anunonia 3.65E-06
n-Butyl Alcohol ".+'	 8.48E-06
2-Hexanone
Methyl Isobutyl Ketone

^ M aS a`DC^.SuWb'C.xa.	 eon' _. Y'P
 3.34E-07

P...^d` $ py53''ie a ^a 
tl^$&5; "' j^`^<p kJ 3 `° L1S $n.`

%•S..= L^J

I
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TABLE DA.1.9
EMISSIONS HAZARD/MET WKR RISKIMEI WKR

Carbon Monoxide

Nitrogen Oxide
1.3-Butadiene 7.35E-I1

2-Hexanone

2-Pentanone

Acetone 1.08E-06
Acetonitrile 3.70E-06
Benzene 1.45E-06 1.73E-11

He tane
Methyl N-am 1 Ketone 2.65E-07

N-hexane 1.16E-07

Nonane

Octane
Toluene 4.58E-09

Ammonia 1.09E-05

Phosphoric Acid Tribfl Ester
Carbon Tetracbloride 8.97E-12 6.57E-17

Ethyl Butyl Ketone 7.45E-13

Methyl Chloride - 1.16E-18

Tettahydrofutan
IS	Ss.w4Ata..ot^6,$,•',•kC^w.:r'k

A`a	yN8'IILt^'^?
Tvw.^ ^S

TABLE DA.1.10
EMISSIONS HAZARD/MEI WKR RISK/MEI WKR
Acetone 5.61E-08

Ammonia 1.82E-07

n-Butyl Alcohol 4.22E-07
2-Hexanone

Methyl Isobutyl Ketone

VON 
a'	 °

TOTAL SHOWN IN REV C

1.66E-08

,hr^k:: eKvP».iY*»i/5.77L .tF7.
6.76E-07

^:. sn m .
W

:^6'^	 .a

TABLE DA.2.6
EMISSIONS HAZARD/MEI WKR RISK/MEI WKR
Carbon Monoxide
Nitrogen Oxide
1,3-Butadiene 5.71E-07
2-Hexanone

2-Pentanone

Acetone 4.73E-03

Acetonit rile 1.63E-02
Benzene 6.37E-03 1	 1.34E-07

Heptane
Methyl N-am 1 Ketone 1.17E-03

N-hexane 5.10&04
Nonane
Octane
Toluene 2.02E-05

Ammonia 4.80E-02
Phospho ric Acid Tributy l Ester
Carbon Tet rachloride 3.95E-08 I	 5.11E-13

Ethyl Butyl Ketone 3.28E-09

Methyl Chlo ride 8.97E-15

Tetrahydrofu
^^
r

6
an

C C.K	 Y^^ IPW 9SS^'$Pb`Ra<).. io.;ft^ xY `^''y Sng' § kC'.5	 5	 y .0.:
^p	 pR	 ^. ^{.^t

i^R+'S<S9 3FfY.A:	 , ..JEX.">-.','p7:
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TABLE D.4.2.7
EMISSIONS HAZARD/MEI WKR RISK/MEI WKR
Carbon Monoxide

Nitrogen Oxide
1,3-Butadiene 2.26E-07
2-Hexanone
2-Penranone

Acetone 5.61E-03
Acetonitrile 1.93E-02
Benzene 7.55E-03 5.32E-08

He tane
Methyl N-amyl Ketone 1.38E-03
N-hexane 6.02E-04
Nonane

Octane
Toluene 2.38E-05
Ammonia 5.73E-04
Phosphoric Acid Tribdtyl Ester

$ '	
sbx4......x^e1u

F	 -$aa^8>..N.'WaS.z^,..-d#,r
SE W* ^' '+^^'$g<.b	 8'̂T.	 g ,^ g 'a S S a"b4y°^i'ag t̂ p ̂ k^

TABLETABLE DA.2.8
EMISSIONS HAZARD/MEI WKR R11%UME1 WKR
Carbon Monoxide

Nitrogen Oxide
1,3-Butadiene 2.47E-07
2-Hexanone
2-Pentanone

Acetone 2.04E-03
Acetonitrile 7.03E-03
Benzene 2.75E-03 5.81E-08
Heptane

Methyl N-am 1 Ketone 5.05E-04
N-hexane 220E-04
Nonane

Octane
Toluene 8.71E-06
Ammonia 2.07E-02
Phosphoric Acid Tributyl Ester
Carbon Tetrachloride 1.71E-08 2.21E-13

Ethyl Butyl Ketone 1.42E-09
Methyl Chlo ride 3.88E-15
T

j

e
`

t
^

r
r

a
l

hydrofumn	
C

vonYw^R	 ^.W..3.9rv^fi. .w$..m3.	 R B gS	 ,̀ fin
1 pp>,{

_

HgLRn4 s $ S̀	nCU	 .5.^ ^
4

\ ĝ
3

^;	
„r^

^m	 ii^S 3 h -	 Y.7
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TABLE D.4.2.9
EMISSIONS HAZARD/MEI WKR RISK/MEI WKR

Carbon Monoxide
Nitrogen Oxide
1,3-Butadiene 9.78E-08

2-Hexanone

2-Pentanone
Acetone 2.42E-03

Acetonitrile 8.34E-03
Benzene 3 .26E-02 2.30E-08

He tane
Methyl N-amyl Ketone 5.98E-04

N-hexane 2 .60E-04

Nonane

Octane
Toluene 1.03E-05

Ammonia 2.48E-04
Phosphoric Acid Tribdtyl Ester

^^^i`yyaav^Y
^..•
	 [[^^`'Rp`a@i<2II"7 	 2.^"Se

.[tIXr;^i"Ai ^fr R.S'SH4,^h^`'

TOTAL IN REV. C
.p

9^

$y	 ^^,+ &I", 
$	 Y

RRJ^r^CJi'a^'^^j
F	 %^:J ^`ry, ^(^

6MLr3nAO tlrnSG - $S" ..TfiJI:FVF

/	 Z.51E- 2
- Y

TABLE D.4.2.10
EMISSIONS HAZARD/MEI WKR RISK/MEI WKR

Acetone 1.13E-06

Ammonia 3.65E-06

n-Buty l Alcohol 8.48E-06

2-Hexanone

Methyl Isobu ty l Ketone
—.01

3.34E-07

TABLE D.4.2.11
EMISSIONS HAZARD/MEI WKR RISK/NIEI WKR
Acetone 1.50E-05

Ammonia 4.88E-05

n-Buty l Alcohol 1.13E-04

2-Hexanone

Methyl Isobu ty l Ketone
(y	 }^^,	 A£	 -.qy.:'a'&	 S .^e A: £".,.ss

wvv5^A1'A.^'	 ^e$ ^n^^A^A.R"fldYj.<Y :v

4.45E-06
8n	 w^y^^

+
y

.
,csa3:°x5ut„^  

.T`',

^5 ki9A '. ^ka'FJSxnO'^'	 v.a
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TABLE DA.2.12
EMISSIONS HAZARD/MEI WKE RISKIMEI WKR

Carbon Monoxide
Nitrogen Oxide
1,3-Butadiene 7.35E-11

2-Hexanone

2-Pentanone
Acetone 1.08E-06
Acetonitri le 3.70E-06
Benzene 1.45E-06 1.73E-11
Heptane
Methyl N-amyl Ketone 2.65E-07
N-hexane 1.16E-07

Nonane
Octane
Toluene 4.58E-09
Ammonia 1.09E-05
Phosphoric Acid Tributyl Ester
Carbon Tetrachlo ride 8.97E-12 6.57E-17

Ethyl Butyl Ketone 7.45E-13

Methyl Chlo ride 1.16E-16

Tetrahydmfura t
aA^ ''" 8IN

.A?n.$.&wa?~..ai.$,F^n$a^.as$t9 "'Ĝ.	 '8'5"'S^as 2$ .R^ 1

TABLE D.4.2.13
EMISSIONS HAZARD/MEI WKR RISK/MEI WKR
Carbon Monoxide
Nitrogen Oxide
1,3-Butadiene 2.91E-11

2-Hexanone

2-Pentanone
Acetone 1.28E-06
Acemni tr ile 4.39E-06
Benzene 1.72E-06 6.84E-12

He tane

Methyl N-amyl Ketone 3.15E-07
N-hexane 1.37E-07
Nonane
Octane
Toluene 5.40E-09

Ammonia 1.30E-07
Phospho ric Acid Tnbutyl Ester

ffiffif—INEM

TOTAL IN REV. m

o	 ^e	 y a:54	 ST
3.60E-11

Ro :. tm:	 r a ^^f 48 U
7.96E-05

TABLE D.4.2.14
EMISSIONS HAZARD/MEI WKR RISK/MEI WKR
Acetone 5.61E-08

Ammonia 1.82E-07
n-Bu ty l Alcohol 4.22E-07
2-Hexanone
Methyl Isobuty l Ketone

YCtlawfh{^ Z	SC^tj.7 t/a^P^ aw'	 a

NBaS..^:^'8 z,#ye.^gad^°.h
TOTAL IN REV. C

;5^^

SaBi

1.66E-08
•̂ t1P .t 1	 M•. i

a. oa"	 rt	 ..,^^`6.'^^.I7«^1^

6.76E-07
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TABLE D.4.2.15
EMISSIONS HAZARD/MEI WKE RLSK/MEI WKR
Acetone 7.46E-07
Ammonia 2.43E-06
n-Butyl Alcohol 5.61E-06
2-Hexanone

Methyl Isob^uvtyl Ketone

SsYRY^E	 3S	 ,a:'u.E^^3"a°.T.R'n^^n.

TOTAL IN REV. C
RR35

2.21E-07

_

9.00E-06

TABLE DA3.6
EMLSSIONS HAZARD/MEI WKR RISK/MEI WKR

Carbon Monoxide
Nitrogen Oxide
1,3-Butadiene 3.61E-07

2-Hexanone

2-Pentanone

Acetone 4.73E-03
Acetonitrile 1.63E-03
Benzene 6.37E-03 8.51E-08

He tane -
Methyl N-amyl Ketone 1.17E-03
N-hexane 5.10E-04

Nonane

Octane
Toluene 2.02E-05
Ammonia 4.80E-02
Phosphoric Acid Tributyl Ester
Carbon Tetrachlo ride 3.95E-08 3.23E-13

Ethyl Buty l Ketone 3.28E-09
Methyl Chlo ride 5.68E-15
Tetrahydroturan,.R^ ZB9I	 [YF

v^..,^ib"i ai3	 ..
TOTAL IN REV. C

Q S^Zf^	 ° °	 3	 50Rk:tvk,.t'S:6a24E-0,2

7.71E-02

a"
-

i Y Y Y K}	 i

,>s'n;'I"^w..w.:RS

r
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TABLE D.4.3.7
EMISSIONS HAZARDIMI WKR RISK/MEI WKR

Carbon Monoxide
Nitrogen Oxide
1,3-Butadiene 3.53E-09

2-Hexanone
2-Pentanone
Acetone 1.10E-04

Acetonitrile 3.78E-04
Benzene 1.48E-04 8.33E-10

Heptane
Methyl N-amyl Ketone 2.71E-05

N-hexane 1.18E-05
Nonane
Octane
Toluene 4.68E-07
Ammonia 1.11E-03

Phosphoric Acid Tribxhyl Ester
Carbon Tet rachlo ride 9.16E-10 3.16E-15

Ethyl Butyl Ketone 7.60E-11

Methyl Chloride 5.56E-17

Tettahydrofuran
wi.	 wn^,n	 'q

,.R bx	
tlSS°/^.`{y>L3^/yL^6°vS`L"^.Vtx

TOTAL IN REV. C

y4 yS cw•ar
y^5
„
^^9Yyf

o9ow": "avft:0. w+:^ 0vft.

C	 `	 .g+^q^
0,)9^6^^4On:R `-n]''..

4.37E-09

TABLE DA.3.8
EMISSIONS HAZARDIMEI WKR RISKfMEI WKR

Carbon Monoxide
Nitrogen Oxide
1,3-Butadiene 1.56E-07

2-Hexanone

2-Pentanone

Acetone 2.04E-03

Acetonitrile 7.03E-03

Benzene 2.75E-03 1 3.68E-08

Heptane

Methyl N-amyl Ketone 5.05E-04
N-hexane 2.20E-04

Nonane
Oc

ta
ne

Toluene 8.71E-06

Ammonia 2.07E-02
Phosphoric Acid Tributyl Ester
Carbon Tetrachloride 1.71E-08 I	 1.40E-13

Ethyl Butyl Ketone 1.42E-09

Methyl Chloride 2.45E-15

Tetrahydmfumn
y(^^	 ^p"c$^$,

'
i
,^
g
e

C 	 __s ""a"
SC̀6'?"sc

^.'.f.. AaFW Wth R:RLRLHFt R.$i:a a,MStLYk^.G:..a^.&:.4tALNeYC.
p	 ........... t?,R•''»sQ

"
^{

nw^..w`w"'te: a:3nm.,,vnm.1:
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TABLE D.4.3.9
EMISSIONS HAZARD/MEI V5M RISK/MEI WKR

Carbon Monoxide
Nitrogen Oxide
1,3-Butadiene 1.53E-09
2-Hexanone
2-Pentanone

Acetone 4.74E-05
Acetonitrile 1.63E-04

Benzene 6.39E-05 3.60E-10

Heptane

Methyl N-am 1 Ketone 1.17E-05
N-hexane 5.11E-06
Nonane
Octane
Toluene 2.02E-07

Ammonia 4.81E-04
Phosphoric Acid Tribdtyl Ester
Carbon Tetrachlo ride 3.96E-10 1.37E-15
Ethyl Butyl Ketone 3.29E-11

Methyl Chlo ride 2.40E-17

Tehahydrofutan
t^^ „̂ ^z2 ss^^

L:.3^4`aama'3ki..§.. R'n Rak^w.a?.M.,
TOTAL IN REV. C

s
26L<

s	 a	 a 3>^	 L1d	 ...	 .. R	 SC`.,fe,.S.i<'i

7.73E-02

u
-. a^isi

m^sa^'^ GG (pe^^Y/°̂
is L LrL.a0.3.^.'^}^.4	 W^,OI'

(Document revised to correct total)

TABLE DA3.10

EMISSIONS HAZARD/MEI WKR RISK/MEI WKR

Acetone 1.13E-06

Ammonia 3.65E-06
n-Butyl Alcohol 8.48E-06
2-Hexanone

Methyl IsobWu.t̂yl Ketone
^y YF:	

.00OdxOOjSOSpt 
c'C•:	

''i:R6

>u.A.uCO..SwCawO,4'..>Qâl^d.

0:..

3.34E-07
^ &y°	 ^.`.

	 ^	 a

.^,.^8',wme°^,,'. 	 ,i^^sw3,^E^1..,^,	 ..AS,?SS

TABLE D.4.3.11
EMISSIONS HAZARD/MEI WKR RISK/MEI WKR

Acetone I.SOE-05

Ammonia 4.88E-05
n-Butyl Alcohol 1.13E-04
2-Hexanone
Methyl Isobu tyl Ketone 4.45E-06

Page 8
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TABLE D.4.3.12
EMISSIONS HAZARD/MEI WI OR RISK/MEI WKR

Carbon Monoxide
Nitrogen Oxide
1,3-Butadiene 4.65E-11

2-Hexanone

2-Pentanone

Acetone 1.08E-06

Acetonitr le 3.70E-06
Benzene 1 .45E-06 1 . 10E-I1

He tane

Methyl N-amyl Ketone 2.65E-07
N-hexane 1.16E-07
Nonane
Octane
Toluene 4.58E-09
Ammonia 1.09E-05

Phosphoric Acid Triburyl Ester
Carbon Tetrachlo ride 8.97E-12 4.16E-17
Ethyl Buryl Ketone 7.45E-13
Methyl Chlo ride - 7.32E-19

Tetmhydrofutan

,, U----i0,?S.e	 sxS!s :'v .̀ o£ ob c4 $^,. cam.*'m`b&â 2;0̂ o^r°,Sw4a ..ww4 ;':s RM. cgOm'^A¢i^'„4 „^,FC	 u a^„^74^75J;' 1:X

TABLE D.4.3.13
EM69SIONS HAZARD/MEI WKR RISK/NMI WKR
Carbon Monoxide
Nitrogen Oxide
1,3-Butadiene 4.13E-13
2-Hexanone
2-Pentanone

Acetone 2.27E-08
Acetonit rile 7.80E-08
Benzene 3 .05E-08 9 .74E-14

Heptane
Methyl N-amyl Ketone 5.60E-09
N-hexane 2.44E-09
Nonane
Octane
Toluene 9.67E-11
Ammonia 2.30E-07
Phospho ric Acid Triburyl Ester
Carbon Tet rachlo ride 1.89E-13 3.70E-19
Ethyl Butyl Ketone 1.57E-14
Methyl Chlo ride 6.50E-21
Tetmhydrofumn

^9T £ d&	 N €aegb
TOTAL 41N REV. C

r	 b>i> o.. 3b9E 07,z1E

3.70E-07

r di
5.141E-113
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TABLE D.4.3.14
EMISSIONS HAZARD/MEI WKR RISKIME1 WKR
Acetone 5.61E-08

Ammonia 1.82E-07
n-Butyl Alcohol 4.22E-07
2-Hexanone

Methyl Isobu ty l Ketone

^c ' C µx4eo Sf6	 y tiyq
Mx:..Rk.e. R d.A+,^:^.^:uX50 RD#'R'SR^,.f̂ aS

TOTAL IN REV. C

9Y	

1.66E-08

a c..$»:Q[9 ro>+:)y90 Q>ZEQ7

6.76E-07
1

TABLE D.4.3.15
E
MI

SSIONS HAZARDINJEI WKR RISK/MEI WKR

Acetone 7.46E-07

Ammonia 2.43E-06
n-Butyl Alcohol 5.61E-06
2-Hexanone
Methyl Isob

Y
U

%
tyl Ketone

'>{!^A`^.og>.<yLi	 ^	 de6.irc̀eK)>. 4 ' .bn£tl `N^̀liR
s..'^t?:K'a:o^en^Q".Y:SON°.^i^<^^I:.S?

TOTAL IN REV. C
a<^.:me.^>a<SJ.SiQ^'.t^;tL^^a:+

Yom.	

2.21E-07
^ ^^ Y ^^gy;^pH wY'x..^ 	 '^^i`,S.n^»..?w6:

9.00E-06

TABLE D.4.4.6
EMISSIONS HAZARD/MEI WKR RISK/MEI WKR

Carbon Monoxide

Nitrogen Oxide
1,3-Butadiene 3.61E-07
2-Hexanone

2-Pentanone
Acetone 4.73E-03
Acetonitrlle 1.63E-03
Benzene 6.37E-03 8.51E-08
Heptane

Methyl N-amyl Ketone 1.17E-03
N-hexane 5.10E-04

Nonane
Octane
Toluene 2.02E-05
Ammonia 4.80E-02
Phospho ric Acid Tributyl Ester
Carbon Tetrachloride 3.95E-08 323E-13
Ethyl Butyl Ketone 3.28E-09
Methyl Chlo ride 5.68E-15
Tetmhydmfumn

'̂ CN9>LYkKC^ py S#t¢d^L`^'	 ' 9R 2e":
^d .b^2^w s:Yiars

TOTAL IN REV. C

-
ererm, i;y$aR >w^..̀̀ ',c,'^'3, :24E:A4

7. 7IE-02

^'
}5 Y	 iY':"^`YbPO

^^,g^	 e	 Q3
NEW,esx.,. ^'

n	 it
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TABLE D.4.4.7
EMISSIONS HAZARDIN EI WKR RISKIMI WKR

Carbon Monoxide
Nitrogen Oxide
1.3-Butadiene 3.98E-09

2-Hexanone

2-Pemmnone

Acetone 1.10E-04

Acetonitrile 3.78E-04

Benzene 1.48E-04 9.37E-10

Hepmne
Methyl N-am I Ketone 2.71E-05

N-hexane 1.18E-05

Nonane

Octane
Toluene 4.68E-07

Ammonia 1.11E-03

Phospho ric Acid Tributyl Ester

Carbon Tetrachloride 9.16E-10 3.56E-15

Ethyl Butyl Ketone 7.60E-11

Methyl Chloride 6.25E-17

Temhydmfumn
H	 a L	 `P

°3
nxerw mM iBa°Rnrn `p.
TOTAL IN REV. C

 OM
eka

x`̂''pRt8 ĵ̀a	BY
x ^'ei'"iEa8"8	

. "' S	 3

xx x.Mh	 .^.d.a:°.ea^, 'ax'N.a
' .	 ie aaSg.^gh+4'92E.,i1IQ

4.91E-09

TABLE D.4.4.8
EMISSIONS HAZARDfKU WKR RISKfAM WKR

Carbon Monoxide
Nitrogen Oxide
1,3-Butadiene 1.56E-07

2-Hexanone

2-Pentanone
Acetone 2.04E-03

Acetotdtrile 7.03E-03

Benzene 2.75E-03 3.68E-08

Heptane
Methyl N-amyl Ketone 5.05E-04

N-hexane 2.20E-04

Nomne
Octane
Toluene 8.71E-06

Ammonia 2.07E`02

Phosphoric Acid Tributyl Ester

Carbon Tetrachloride 1.71E-08 1.40E-13

Ethyl Buty l Ketone 1.42E-09

Methyl Chlo ride 2.45E-15

Tetrahydrofuran

N T'nt gkH8'!8£- jYRa
g	 a	 x x ^. s sk.aaa8^Y3 - ^St B'&	 S`@'S' 5z2 8 :8."T'E38``8

&Z,.
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TABLE D.4 A9

EMISSIONS HAZARD/MEI WKR RISK/MEI WKR

Carbon Monoxide
Nitrogen Oxide
1,3-Butadiene 1.72E-09

2-Hexanone

2-Pentanone

Acetone 4.74E-05
Acetonitrile 1.63E-04
Benzene 6.39E-05

Heptane 4.05E-10

Methyl N-amyl Ketone 1.17E-05

N-hexane 5.11E-06
Nonane
Octane
Toluene 2.02E-07
Ammonia 4.81E-04
Phosphoric Acid Tributyl Ester
Carbon Tetrachlo ride 3.96E-10 1.54E-15

Ethyl Butyl Ketone 3.29E-11
Methyl Chlo ride 2.70E-17

Tetrahydmfumn

'̂ ^I'^̂',.6¢^^ar6A"'o^°'^s"o§o ^aC'̀c}o xr^oa
bC °.. rrxxk^ ^n°S.. SSfSk,9 ° <°^?^y.'bai;'.

TOTAL IN REV. C

?{s
?'M>

?°F°aceg> °°,eb^, n a¢biaoiib?{'{^.E-{{4

7.73E-04

^A. z.°.r<'°^+? °> o°.^^o ̂ "^'a0,^if2^E+Q9.
2.22E-09

TABLE D.4.4.10
EMISSIONS HAZARD/b1EI WKR RISK/MEI WKR

Acetone 1.13E-06
Ammonia 3.65E-06
n-Butyl Alcohol 8.48E-06
2-Hexanone

Methyl Isobutyl Ketone_

E	 A	 i^S 	
^ fi	 3Fiu^' r 	 `F2%Yxi•'°fM(Y °.	 }.kZ.w,^. L°l1.tF'i W,:a.IvA

3.342£.-07

ff	 * B	 v̂ǹ̀ ,Ca ciD YYYPS C X°YN ir^C^^IS'&v%RSPM9M:°k A y 	 4.v.e

TABLE D.4.4.11
EMISSIONS HAZARD/MI WKR RISK/MEI WKR
Acetone 1.50E-05
Ammonia 4.8813,05
n-Bu ty l Alcohol 1.13E-04
2-Hexanone

Methyl Isobutyl Ketone

x °	
as	

.G Ỳi! k Y.Vb̀yoCi.'3	 Y y.e.k:
R.A7^<v^kb:6:2R3A?^'C^:&:..^.4<2.Kti3

i3%
°'

4.45E-06
v6"' o,..,N °^gj^^"x£Y Af? 	 "':	

.....
Y^A?!?X2.P+IA`..	 C^^RY,^ii^^m.'ti.:
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TABLE DAA.13
E
MI

SSIONS HAZARD/MEI WKR RISK/MEI WKR
Carbon Monoxide
Nitrogen Oxide
1,3-Butadiene 4.65E-11

2-Hexanone
2-Pentanone

Acetone 1.08E-06
Acetonitrile 3.70E-06
Benzene 1 .45E-06 1 . 10E-11

Hepmne

Methyl N-amyl Ketone 2.65E-07
N-hexane 1.16E-07
Nonane
Octane

Toluene 4.58E-09

Ammonia 1.09E-05
Phospho ric Acid Tributyl Ester
Carbon Tetrachlo ride 8.97E-12 4.16E-17
Ethyl Bu ty l Ketone 7.45E-13
Methyl Chloride 7.32E-19
Tetrahydrofumn

.y 5'tli3 	 5:3YM' aes	 a
.^^^'.vav^oaa.2a^a ^w 2.'wor6So^o

2 à
^a

a5' %"-82X43'	 A`	 &

a^r,^1^^2^;2G^^'^'a?^a 63,79E-0 ea.^,`a^8'$,a^^^,22;3,s
a`os^°^". o

e, o.°J'	 a^:7 ^^1X-

TABLE D.4.4.14
EMISSIONS HAZARD/MEI WKR RISKIMEi WKR
Carbon Monoxide

Nitrogen Oxide
1,3-Bu tadiene 4.65E-13
2-Hexanone
2-Pen tanone
Acetone 227E-08
Acetonirrile 7.80E-08
Benzene 3.05E-08 1 . 10E-13
He tare

Methyl N-am I Ketone 5.60E-09
N-hexane 2.44E-09
Nonane

Octane
Toluene 9.67E-I1

Ammonia 2.30E-07
Phosphoric Acid Tributyl Ester
Carbon Tetrachlo ride 1.89E-13 4.16E-19
Ethyl Butyl Ketone 1.57E-14
Methyl Chlo ride 7.31E-21
Tetmhydmfumn

TYS%g y. y ss Es,». tv'8x ti
w.<oo.awoaorw.o Gw:a;R,£.i8.t5 '£ ^o.2>xo

TOTAL IN REV. C

3' a
ti:>

? >.:if,:AY3.Z: 5 .F.&.^:^^'i-n^

3.70E-07

ar`.s; 8 8 a^` 8a '.:`.X3

5.74E-I3

TABLE D.4.4.15
E
MI

SSIONS HAZARD/MEI WKR JRISKJMEI WKR

Acetone 5.61E-08
Ammonia 1.82E-07
n-Buty l Alcohol 4.22E-07
2-Hexanone
Methyl Isobutyl Ketone

:.a	 .^X e	 r	 r r	 lac	 ,
'„"w . ..,.<«a.a.a^..w:^^a.a^,.aa<,.<,.

TOTAL IN REV. C

?K
^^,,.^^,

1-
616

z4 n	 . 'a	 .i`	 .,...E-0.
L......,«vC$£zbigt#`^aias.^.r^7L^Q7:

6.76E-07

Page 13



Sheet4

TABLE D.4.4.16
EMISSIONS HAZARD/MEI WKR RLSK/MEI WKR
Acetone 7.46E-07
Ammonia 2.43E-06
n-Butyl Alcohol 5.61E-06
2-Hexanone

Methyl Isobutyl Ketone

.
j ..	 ^	 C	 + c	 a' ¢`X

vn«§s£.8X	w3c:7.>'0
,

TOTAL IN REV. C

.C,. s̀?'
2.21E-07

g gY$`c	
.`^s."FS

°.St 4:a:.kcksa.:oYva^`x:.4iw.`AS.it,.[C-V
9.00E-06

TABLE DA.S.6
EMISSIONS HAZARD/MEI WKR RISKIMEI WKR
Carbon Monoxide
Nitrogen Oxide
1,3-Butadiene 5.52E-07
2-Hexanone

2-Pentanone

Acetone 4.73E-03
Acetoninile 1.63E-03
Benzene 6.37E-03 1.30E-07
Heptane -

Methyl N-amyl Ketone 1.17E-03
N-hexane 5.10E-04

Nonane

Octane
Toluene 2.20E-05
Ammotda 4.80E-02
Phosphoric Acid Tributyl Ester
Carbon Tetrachlo ride 3.95E-08 4.93E-13
Ethyl Bu ty l Ketone 3.28E-09
Methyl Chlo ride /	 8.67E-15
Tetrahydmfuran

jf.SM#S#̂QHk: M'fN€?Fxy ,lk
^^^ eua&+^koY'141Y XMS' `xax'xx^	 eckai`kep-

TOTAL IN REV C

f r^ ,L>.^^u4`a L Ysi£:r^^t^3^:24E-02

7.71E02

sus
k^	 Pa3s 3%tl y3e^'6 

gZFi-07.Xkk.}.,^axsxa .. r:.skz

TABLE DA.S.7
EMISSIONS HAZARD/MEI WKR RISK/Ml WKR
Carbon Monoxide
Nitrogen Oxide
1,3-Butadiene 1.48E-06

2-Hexanone

2-Pentanone
Acetone 1.42E-02
Acemnitrile 4,88E-02
Benzene 1.91E-02 3.50E-07

Heptane

Methyl N-amyl Ketone 3.50E-03
N-hexane 1.53E-03
Nonane
Octane
Toluene 6.05E-05
Ammonia 1.44E-0 1
Phospho ric Acid Tributyl Ester
Carbon Tetrachlo ride 1.18E-07 1.33E-12
Ethyl Buty l Ketone 9.83E-09
Methyl Chlo ride 2.33E-14
Tetmhydrofumn
TY3'.l^s ?i

HzA	 k^fi' wsg ^^Cxnr .: ba>r'^s a
^tt s^	 ,t '-c s ^a"Yc afY. xf xs^	 x	 x?'

 ...,.,,.-.	 k.83E-Uf
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TABLE D.4.5.8
EMISSIONS HAZARDIMEI WKH RISK/MEI WKR

Carbon Monoxide
Nitrogen Oxide
1,3-Butadiene 2.38E-07

2-Hexanone

2-Pentanone

Acetone 2.04E-03
Acetonitrne 7.03E-03
Benzene 2.75E-03 5.62E-08
He Lane 2.75E-03

Methyl N-amyl Ketone
N-hexane 5.05E-04

Nomne 2.2011 04
Octane

Toluene

Ammonia 8.71E-06
Phospho ric Acid Tributyl Ester 2.07E-02
Carbon Tet rachlo ride 2.13E-13

Ethyl Butyl Ketone .1.7113-08

Methyl Chlo ride 1.42E-09 3.75E-15

Tetrahydrufum

M
/ryyyy+^'r ^^s^°^c% °nko:^C.	 w.o?Aq,.a;.:o	 ^ya++z.3v?`'n&,

TOTAL IN REV. C

<oc' a^?i:e':.
yy ^^`es o o°a$aa has aea3^ ^.CrV3r̀2» w>b..aawnas^,c::

-	 sw "ssn az °'.?;',:.-,	 +c ekea,a°.3.:^13^

3.33E-02

TABLE D.4.59
EMISSIONS HAZARDIMEI WKR RISK/MEI WKR

Acetone 1.13E-06

Ammonia 3.65E-06

n-Butyl Alcohol 8.48E-06
2-Hexanone

Methyl Isobutyl Ketone
S"Kô$CSj'ô. °<'£>s?

n%:	 a£:y(.j'y/bk^.'3.

':}w4^.^3.n;1:tS.tASbo:dY':r^3>°.$b3n3':°:'i°'.f '^ t'Ni. l :

3.34E-07
3'.. Ju...... R	

^ ..:.N{.^....

d::p:.'^r'4}".5..

TABLE D.4.5.10
EMISSIONS HAZARD/MEI WKR RISK/MEI WKR

Carbon Monoxide
Nitrogen Oxide
1,3-Butadiene 6.41E-07
2-Hexanone

2-Pentanone

Acetone 6.13E-03

Acetonitr ile 2.11E-02
Benzene 8.26E-03 1.51E-07

Heptane
Methyl N-amyl Ketone 1.51E-03
N-hexane 6.61E-04

Nomne
Octane

Toluene 2.61E-05

Ammonia 6.22E-02

Phospho ric Acid Tributyl Ester
Carbon Tetrachlo ride 5.12E -08 5.73E-13

Ethyl Buty l Ketone 4.25E-09

Methyl Chlo ride 1.01E-14

Tetahydm fumn
TOA	 °ex,^'3^^ 3.' as Mn i'RY'2ZZ
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TABLE DA.5.11
EMISSIONS HAZARD/MEI WKR RISK/MEI WKR
Aluminum

4.52E-101Arsenic
Boron 6.34E-10
Barium 1.88E-10
Bery llium 7.74E-14
Bismuth
Cadmium 3.73E-12
Cerium
Chromium (+3) 2.47E-06
Copper

Manganese

Molybdenum
Nickel

Lead

Silver

Uranium
Vanadium
Zinc

mm. Q.S,.s ,^yYy ,.sa Sgr4mym . a;^"S'^o
..c,',,,£3>k.^5iaft:R§it:>Qrt wV 3dc^a8 ":8 Y3

cwtg̀4g`	 a
'....;4a<£i^"m^.CSkxw.w 2.`v ..5

«, 23
`airli:$Z.^c@2Lc.Y^^

° Xds S;'^#"z;er, ""

TABLE DA.5.12

EMISSIONS HAZARD/MEI WKR RISK/MEI WKR
Carbon Monoxide
Nitrogen Oxide
1,3-Butadiene 7.10E-11

2-Hexanone

2-Pentanone
Acetone 1.08E-06
Acetonitrile 3.70E-06
Benzene 1.45E-06 1.67E-I1
He tone
Methyl Namyl Ketone 2.65E-07
N-hexane 1.16E-07

Nonane
Octane
Toluene 4.58E-09
Ammonia 1.09E-05
Phosphoric Acid Tributyl Ester
Carbon Tetrachloride 8.97E-12 6.36E-17
Ethyl Buty l Ketone 7.45E-13
Methyl Chloride 1.12E-18
Tetmhydr

o
fu

"-pqr^'

an

Y.
k 8^M£.. $ )FY.<£Yt^u& 	 e....,

TOTAL IN REV. C

:< CC	

^{{ x	 ``

y7	 "̂
 

^O'N xr AT	 P..1 ask
T 607,, .Y.S Jw, $ I 1.E11

8.78E-11

TABLE D.4.5.13
EMISSIONS HAZARD/MEI WKR RISK/MEI WKR

Acetone 5.61E-08
Ammonia 1.82E-07
n-Butyl Alcohol 4.22E-07
2-Hexanone

Methyl Isobutyl Ketone

,RIME a :„ a s^ ' ^ Y -.-
i	 . 4 w.4.i8: >	 C	 S.ss7<

TOTAL IN REV. C

_a
k.

1 .66E-08

8s.	 n as.:R;ava ^'s s.>Y,,:,Gt'1?E-07
6.76E-07 r

t/
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TABLE D.4.5.14
EMISSIONS HAZARDIMEI WIM RISK/MEI WKR

Carbon Monoxide

Nitrogen Oxide
1,3-Butadiene 1.91E-10

2-Hexanone

2-Pentanone

Acetone 3.23E-06

Acetonitrile 1.11E-05
Benzene 4 .35E-06 4.50E-11
Heptane

Methyl N-amyl Ketone 7.96E-07
N-hexane 3.48E-07

Nonane
Octane
Toluene 1.38E-08
Ammonia 3.27E-05
Phosphoric Acid Tribityl Ester
Carbon Tetrachlo ride 2.69E-1l 1 .71E-16
Ethyl Bu tyl Ketone 224E-12
Methyl Cbloride 3.00E-18
Tetrahydrofumn

,I'	 ^'	
l`"ci'^`'8 fl'q'Sh+yW'e'2 rR 

8	 8

TOTAL IN REV. C

^'
„9<	 5'	 fl '8°'u°S a . .g,Ss.25E.Q5e8ac^.8

5.26&05

q B	 4z^"'
	 . c ayof
4e'..a'Sfi..e. Ns ^•36'FFi71}.

TABLE DAS.15
EMISSIONS HAZARD/MEI WKR RISK/MEI WKR
Aluminum
Arsenic 2.18E-30
Boron 5 .36E-10
Barium 1.59E-30

Beryllium 3.72Ex14

Bismuth
Cadmium 1.80E-12

Ce rium
Chromium (+3) 2.09E-06
Copper
Manganese

Molybdenum
Nickel
Lead

Silver
Uranium
Vanadium
Zinc

11	 , 
..g'	,	 ,,km%.	

^"$ x̂ s•:.

TOTAL IN REV. C

.dsxrs :s'fi%d0kre d'e';^xJ"°sFen`SST'3.',^"afz,^u'ssi'.$''
, '̂"r x"	 :Typo .. >w	 ^$' '

1a ^ ^..§>^»ra *^%^2:20Fr:IU.

2.19E-10
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TABLE D.4.6.6
EMISSIONS HAZARD/MEI WKR RISK/MEI WEB.
Carbon Monoxide
Nitrogen Oxide
1,3-Butadiene 4.56E-07
2-Hexanone
2-Pentanone

Acetone 4.73E-03
Acetonitrile 1.63E-03
Benzene 6.37E-03 1.08E-07

Heptane
Methyl N-amyl Ketone 1.17E-03

N-hexane 5 . 10E-04

Nome

Octane

Toluene 2.02E-05
Ammonia 4.80E-02
Phosphoric Acid Tributyl Ester

Carbon Tetrachloride 3.95E-08 4.08E-13
Ethyl Buty l Ketone 3.28E-09
Methyl Chloride 7.17&15
Tetmhydrofuran

'IOP
o w	 bKi Y'g'^	 $'	 `3 7 My

k.`n°,°m'.x"4o^a.s.>^eO,.^O'ts
TOTAL IN REV. C

,. Q... <	 w

7.71E-02

i . 'i@Ei.'$n^Yre6 "9y	 £iS'64 "*^1'f

TABLE D.4.6.7

EMISSIONS HAZARD/MEI WKR RISKfMEI WKR
Carbon Monoxide
Nitrogen Oxide

1,3-Butadiene 1.08E-06

2-Hexanone -

2-Pentanone

Acetone 1.42E-02

Acetonitrile 4.88E-02
Benzene 1.91E-02 2.55E-07
Heptane

Methyl N-amyl Ketone 3.50E-03
N-hexane 1.53E-03

Nonane
Octane

Toluene 6.05E-05
Ammonia 1.44E-01
Phosphoric Acid Tributy l Ester
Carbon Tetrachlo ride 1.18E-07 9.69E-13
Ethyl Buty l Ketone 9.83E-09
Methyl Chloride 1.70E-14
Tetrahydmfuran

TORT	 ^v ^	 § 3 t$^.'^2d̀^ S»^', ss °^ ...Y^.:3.Y' 	 £ "2^3IFAI & s 5 "'I'lla^^`a.a c2^'34	 6
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TABLE D.4.6.8
EMISSIONS HAZARD/MEI WKR RISK/WI WKH
Carbon Monoxide
Nitrogen Oxide
1,3-Butadiene 1.97E-07
2-Hexanone
2-Pentanone

Acetone 2.04E-03
Acetonitrile 7.03E-03
Benzene 2 .75E-03 4.65E-08
He tane
Methyl N-ant I Ketone 5.05E-04
N-hexane 2.02E-04
Nonane
Octane
Toluene 8.71E-06

Ammonia 2.07E-02
Phosphoric Acid Tributyl Ester
Carbon Tet rachlo ride 1.71E-08 1.76E-13
Ethyl Buty l Ketone 1.42E-09
Methyl Chlo ride 3.10E-15
Tetrahydmfutan

TtTTAE*a6yiY°¢^$'n°°s.nPrer"°^,"4aiz'<xem w.'^ .m....mz^a4.a 5 cecSo,^e''.<.axo
TOTAL IN REV. C

aF.,!< 3'f.°.^°^r?;££Y°m°oas°s:;3..32E-42

3.33E-02
....zeas^.^z 4"4E-a07x x?.	 RAM 

TABLE D.4.6.9
EMISSIONS HAZARD/MEI WKR RISK/MEI WKR
Acetone 1.13E-06
Ammonia 3.65E-06
n-Butyl Alcohol 8.48E-06
2-Hexanone -
Methyl Isobuty l Ketone

Q	 " `	 '#.'aYZ$;^$AFU^` 	 t.	 ":V̂a`,,.x°A
„p	 3.34E-07
.>"a`	 °

TOav off -.^Iy3	

'4

TABLE D.4.6.10
EMISSIONS HAZARD/MEI WKR RISK/MEI WKR
Carbon Monoxide
Nitrogen Oxide
1,3-Butadiene 4.68E-07
2-Hexanone

2-Pentanone

Acetone 6.13E-03
Acetonitrile 2.11E-02
Benzene 8 .26E-03 1.10E-07
He Lane
Methyl N-amyl Ketone 1.51E-03
N-hexane 6.61E-04

Nonane
Octane
Toluene 2.61E-05
Ammonia 6.22E-02
Phosphoric Acid Tributy l Ester
Carbon Tetrachlo ride 5.12E-08 4.19E-13
Ethyl Butyl Ketone 4.25E-09
Methyl Chlo ride 7.36E-15
Tetmhydrofumn

asrsNO,.> S^avT^rtmS âw^^aIIaR8^^."i'83'IS	 7
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TABLE D.4.6.11
EMISSIONS HAZARD/MEI WKR RISKfMEI WER
Aluminum
Antimony

Arsenic 1.58E-30
Boron 2.32E-08
Barium 1 .79E-10
Beryllium 2.22E-10
Bismuth
Cadmium 1.36E-16
Ce rium
Chromium (+3) 3.13E-06
Copper 3 .04E-11
Manganese

Molybdenum
Nickel
Lead

Silver

Uranium
Vanadium
Zinc

^
11.J^	 <g^wmffabb,S''^. $a"$w^

r.'<2R.Sx°a.A:w$ow.iiwgo,"6°.
TOTAL IN REV. C I'

t?SFwrtdSrla
a>\ Hyx^.x`p v^ 2,^	 nn

:w11.£5^Qm	 ''rg ' ..a	 axaEa.A....y 	 sx	 '.:^I$)7rQ.

3.16E-06

TABLE D.4.6.12.
EMISSIONS HAZARD/MEI WKR RISK/MEI WKR
Carbon Monoxide

Nitrogen Oxide
1,3-Butadiene 5.88E-11

2-Hexanone

2-Pentanone
Acetone 1.08E-06
Acetonitrile 3.70E-06
Benzene 1.45E-06 1.39E-I1

He Lane

Methyl N-am 1 Ketone 2.65E-07
N-hexane 1.16E-07
Nonane
Octane
Toluene 4.58E-09
Ammonia 1.09E-05
Phosphoric Acid Tributyl Ester
Carbon Tetmcblorlde 8.97E-12 5.26E-17

Ethyl Butyl Ketone 7.45E-13
Methyl Chlo ride 9.24E-19
Tetmhydrofumn

Y2'lEffhN	 va u^	 .^ `k'^ 7 2 xmî .rw

TOTAL IN REV. C

,	 ax...,,c
':%o sa>,wxa^.o->.£.k<w7S7E'=',,I:Y

7.26E-11

TABLE D.4.6.13
EMISSIONS HAZARD/MEI WKR RISK/MEI WAR

Acetone 5.61E-08
Ammonia 1.82E-07
n-Butyl Alcohol 4-22E-07
2-Hexanone

Methyl Isobuty l Ketone
T 1':CA7.	 ^.ax 'sad	 v.^s,.'k	 ^e
TOTAL IN REV. C

^r
5''

1.66E-08

a
6.76E-07
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TABLE D.4.6.14
EMISSIONS HAZARD/MEI WKR RISK/MEI WKR
Carbon Monoxide
Nitrogen Oxide
1,3-Butadiene 1.40E-10

2-Hexanone

2-Pentanone

Acetone 3.23E-06
Acetonitrile 1.11E-05

Benzene 4.35E-06 3.29E-11

Heptane
Methyl N-amyl Ketone 7.96E-07
N-hexane 3.48E-07
Nonane
Octane
Toluene 1.38E-08
Ammonia 3.27E-05
Phosphoric Acid Tribd tyl E ster
Carbon Tetrachloride 2.69E-11 1 ,25E-16
Ethyl Butyl Ketone 2.24E-12
Methyl Chloride 2.20E-18
Tetrahydrafum
TO`Ee^. ==W 

€& sew` atè$'
.,.t R:.ati.	 .AN>^^>	 °^.^^>aex

TOTAL IN REV. C

3
')sa.

x u`r^°3 Z R s :Si25E-QS2a	 > an dy	 R.	 R c

5.26E-05

^'
l.Cf

R	 sµ 	'	 1"
'
73E^1AFj'	 ^ L.A..	 ^>	 R " :^?ALRC'>R ate:.:

TABLE D.4.6.15
EMISSIONS HAZARDIMEI WKR RISKIMEY WKR

Aluminum
Antimony
Arsenic 7.63E-11
Boron 1.96E-08
Ba rium 1.52E-10

Bery llium 1.07E-10
Bismuth
Cadmium 6.57E-17
Cerium

Chromium (+3) 2.65E-06
Copper 2 .57E-11

Manganese

Molybdenum
Nickel

Lead

Silver
Uranium
Vanadium

Zinc

tJ ìx'il'',<,§e3 xc 
arm 

s,5>z, rta ,0Eg1s^vg"
1.y,^2s;s^^ ea,. k73?' 16^ - `a wx^'^,y r8	 r.YH93rY11
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TABLE D.4.7.6,
EMISSIONS HAZARD/MEI WKE RISK/MEI WKR
Carbon Monoxide
Nitrogen Oxide
1,3-Butadiene 5.71E-07

2-Hexanone

2-Pentanone

Acetone 4.73E-03
Acetonitr ile 1.63E-03
Benzene 6.37E-03 1.34E-07
Heptane
Methyl N-amyl Ketone 1.17E-03
N-hexane 5.10E-04

Nonane
Octane
Toluene 2.02E-05
Ammonia 4.80E.021 1

Phosphoric Acid Tribdlyl Ester
Carbon Tetrachlo ride 3.95E-08 5.11E-13
Ethyl Buty l Ketone 3.28E-09
Methyl Chlo ride 8.97E-15
Tetr

<rŷ
ahydmfum

aka $a	 xr: NINE 	
a'+¢wu w. vwo.'	 R	 A:	 xr'A..

TOTAL SHOWN IN REV C

" ;E}W,w°mc°3yN'c^" 4 r4z,
7. 71&02

g^;` '	 'aAR:: <A.Q ox;m xw..w..v,.

TABLE D.4.7.7
EMISSIONS HAZARD/MEI WKR RISK/MEI WKR
Carbon Monoxide

Nitrogen Oxide
1,3-Butadiene 1.31E-06
2-Hexanone
2-Pentanone

Acetone 1.42E-02
Acetonitrile 4.88E-02
Benzene 1.91E-02 3.09E-07
Heptane
Methyl N-am l Ke tone 3.50E-03
N-hexane 1.53E-03
Nomne
Octane
Toluene 6.05E-05
Ammonia 1.44E-01
Phospho ric Acid Tributyl Ester
Carbon Tetrachlo ride 1.18E-07 1.17E-12
Ethyl Buty l Ketone 9.83E-09
Methyl Chloride 2.06E-14

TT/

c
a

aahydmfuran

TOTAL SHOWN IN REV C
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TABLE D.4.7.8
EMISSIONS HAZARDIMEI WKR RISK/MEI WKR

Carbon Monoxide
Nitrogen Oxide
1,3-Butadiene 2.46E-07
2-Hexanone
2-Pentanone

Acetone 2.04E-03

Acetonitr0e 7.03E-03
Benzene 2.75E-03 5.81E-08
He tare
Methyl N-amyl Ketone 5.05E-04
N-hexane 2.20E-04

Nonane

Octane
Toluene 8.71E-06

Ammonia 2.07E-02
Phosphoric Acid Tribdtyl Ester
Carbon Tetrachloride 1.71E-08 2.21E-13
Ethyl Butyl Ketone 1.42E-09
Methyl Chlo ride 3.88E-15
Tet

r
ahydmffumn

y y 	 ^`w,Y^	 kc

. -P.Y'rvx<%S)R'$d2 ggwIEbS 3'
qq]gqqq;#5.?

.4:	 9CA3'Oxb	 ^.1^.3Y..Snw.^4IRAYa...KV+

TOTAL SHOWN IN REV C

E YAi
\'S
W3'^"`fHJIw'R̀̂%^.SCeQ"iYS..RR.KKttAI

 y,,^y,.	 y
^5`^^RR a-S V•,FYV^:

%

3.05E-07

TABLE D.4.7.9
EMISSIONS HAZARDIMEI WKR RISKIMEI WKR
Acetone 1.13E-06
Ammonia 3.65E-06
n-Buty l Alcohol 8.48E-06
2-Hexanone

Methyl Isobutyl Ketone 3.34E-07 _yp

TABLE D.4.7.10
EML43IONS RLSKn%IEI WKR
Carbon Monoxide
Nitrogen Oxide
1,3-Butadiene 5.67E-07
2-Hexanone
2-Pentanone

R2.11E-02
Acetone
Acetonitrile
Benzene  1.34E-07

Heptane

Methyl N-amyl Ketone 1.51E-03
N-hexane 6.61E-04

Nomne
Octane

Toluene 2.61E-05
Ammonia 6.22E-02
Phospho ric Acid Tributy l Ester

Carbon Tetrachlo ride 5.12E-08 5.07E-13

Ethyl Buty l Ketone 4.25E-09
Methyl Chlo ride 8.91E-15
Tetmhydroffutan

U7A	 S	 y^WN ^b d^bya £H t:SB:jBa`
<	 §R	 RXA	 ^§	 c. tia.

TOTAL SHOWN IN REV C

att€	
`Y.a^R^ .#+''.4Q.

w " &RBnrv^Rvn .Y .R %%n ^:	 3 a ^ 'S^ g..	 :Q	 ,7

7.00E-07

V
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TABLE DA.7.11
E
MI

SSIONS HAZARD/MEI WKR RISK/MEI WKR
Aluminum

Arsenic 3.96E-10
Boron 6.34E-10
Barium 1 .88E-10

Beryllium 6.77E-14
Bismuth
Cadmium 3.26E-12
Cerium

Chromium 2.47E-06
Copper
Manganese

Molybdenum
Nickel
Lead

S
il
ver

Uranium
Vanadium
Zinc

aaas&s^ys•scc Y..yg
A	 NLn̂	 9xRYv>T yR0.0^ +N /M.Or'W â "'.uu^Z

sw.
^9>r..g^fi^£U
SdF4n

TABLE D.4.7.12
EMISSIONS HAZARD/MEI WKR RISK1MEI WKR
Carbon Monoxide
Nitrogen Oxide
1,3-Butadiene 7.35E-11

2-Hexanone

2-Pentanone
Acetone 1.08E-06
Acetonit rile 3.70Er06
Benzene 1 .45E-06 1.73E-11
Heptane
Methyl N-amyl Ketone 2.65E-07
N-hexane 1.16E-07
Nomme

Octane
Toluene 4.58E-09
Ammonia 1.09E-05
Phospho ric Acid Tributyl Ester
Carbon Tetrachloride 8.97E-12 6.57E-17
Ethyl Butyl Ketone 7.45E-13
Methyl Chlo ride 1.16E-18
Temthydro

¢

f¢utaS
Sn.. 

44 CC 
^

a.,w^'...$'E^6 ^^A.SxSSnG.£..^,''O-AABASG$£PFazEF^P

^'p

Y 
xS^ S^, ^^Vw +US^^

M	 p
W60)^Qî̀  B.^ a }}^^$$^^Y

TABLE D.4.7.13
EMISSIONS HAZARD/MEI WKR RISK/NMI WKR
Acetone 5.61E-08
Ammonia 1.82E-07
n-Butyl Alcohol 4.22E-07
2-Hexanone

Methyl Isobutyl Ketone
T4T>	 R z s^^o	 R',2^; '$
TOTAL SHOWN IN REV C

1.66E-08

P ^..<a&,.s iti	 . I6'77F,^03 3:'
6.76E-07

^¢a^3.3^. t; 	 NOR
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TABLE D.4.7.14
EMISSIONS HAZARDIMEI WKR RISK/NIEI WKR
Carbon Monoxide
Nitrogen Oxide
1,3-Butadiene 1.69E-10

2-Hexanone

2-Pentanone

Acetone 3.23E-06

Aceamit rile I.l IE-05
Benzene 4.35E-06 3.98E-11

He tane

Methyl N-amyl Ketone 7.96E-07
N-hexane 3 .48E-07

Nonane
Octane
Toluene 1.38E-08
Ammonia 3.27E-05
Phosphoric Acid Tribdtyl Ester
Carbon Tet rachlo ride 2.69E-I1 1.51E-16
Ethyl Butyl Ketone 2.2413-12

Methyl Chloride /	 3.66E-I8
Tetrahydrofumn	

.aq^ ., ^'^n a°̂̀R
'^

.o^.,.^^^¢RCu'<vi2%e
TOTAL SHOWN IN REV C

^.g^y^.	 g,,5	 ^
^^'` 2 ^{^^^;^W11.9^1^82h^". a.. L^" ZsY"•°'.&" .^i ^.lilx..^J

5.26E-05

TABLE D.4.7.15
EMISSIONS HAZARDIMEI WKR RISKIfM WKR

Aluminum
Arsenic 1.90E-10
Boron 5.36E-10
Ba rium 1 .59E-10
Beryllium 3.26E-14
Bismuth
Cadmium 1.57E-12
Cerium

Chromium (+3) 2.09E-06
Copper
Manganese

Molybdenum
Nickel

Lead

Silver
Uranium
Vanadium
Zinc

., x 	TWA ays	 2m^`^sC^""$; Ms.'.a^C
^^'ŵR'+^'^.	 S4s5^5a.N•a:^+^iS tr°^".t .Ac

@`i::{pl'^-r^^a^,se+sss
..3 R<v^RC.	 Ri.^:^tY^	 W..n(ff ai3.2BU:^?^arv^$^^i.....:.... ^.
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TABLE D.4.8.6
EMISSIONS HAZARD/MEI WKR RISK/MEI WKR
Carbon Monox id e

Nitrogen Oxide
1.3-Butadiene 5.52E-07
2-Hexanone

2-Pentanone

Acetone 4.73E-03
Acetonitrile 1.63E-03
Benzene 6.37E-03 1.30E-07
Heptane
Methyl N-amyl Ketone 1.17E-03
N-hexane 5 . 10E-04

Nonane
Octane
Toluene 2 .02E-05

Ammonia 4.80E-02
Phospho ric Acid Tribdtyl Ester
Carbon Tetrachlo ride 3.95E-08 4.93E-13
Ethyl Butyl Ketone 3.28E-09
Methyl Chlo ride 8.67E-I5
Tetrahhyydwfuran

a..	 ^:": Au 
k'

v̂. <^y'2v'¢^o °°5`
4F 'u^+

TOTAL SHOWN IN REV C

R^°t.o.^'	
aL	^

be"^ryfw^..'mY•;.;..
ti

o	 e v+5	 f

7.71E-02

TABLE D.4.8.7
E
MI

SSIONS	 _ HAZARD/MEI WKR RISKIMEI WKR
Carbon Monoxide
Nitrogen Oxide
1 ,3-Butadiene 1.48E-06
2-Hexanone

2-Pentanone

Acetone 1.42E-02
Acetonitrile 4.88E-02
Benzene 1.91E-02 3.50E-07
He Lane
Methyl N-amyl Ketone 3.50E-03
N-hexane 1.53E-03
Nomne
Octane
Toluene 6.05E-05
Ammonia 1.44E-0 1
Phospho ric Acid Tributyl Ester
Carbon Tetrachlo ride 1.18E-07 1.33E-12
Ethyl Butyl Ketone 9.83E-09
Methyl Chlo ride 2.33E-14
Tetr

a
ahydrofuran

A^&2 E4Yy$<3
	 65	 Y^<`'Tl3L'4

w$. R°^.(tt<ofv'^A:.W.ke^9.Rw'^
R 	

$ R b$.^	
L
N'C^ 5'A

m	 It A^MRe^v3..Ti<̂ ^ŵ I— a'
_ .o,?ò-Si9((<^'̂l3p(',J

•n £m@.^YY3!aiv`viQ<3„
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TABLE D.4.8.8
EMISSIONS HAZARD/MEI WKR RISK/MEI WKR

Carbon Monoxide

Nitrogen Oxide
1,3-Butadiene 3.53E-09

2-Hexanone

2-Pentanone

Acetone 1.10E-04
Acetonitrile 3.78E-04

Benzene 1.48E-04 8.33E-10

He Lane
Methyl N-amyl Ketone 2.71E-05
N-hexane 1 . 18E-05

Nonane
Octane
Toluene 4.68E-07

Ammonia 1.11E-031

Phosphoric Acid Tribi tyl Ester

Carbon Tetrachlo ride 9.16E-10 3.16E-15

Ethyl Bu ty l Ketone 7.60E-11

Methyl Chloride 5.56E-17
Tetrahydrofuran

ar^y
	 y,

U ^iYk A,4AF ^BFx̀Go^R
„bYSY. F9f'^' Ĉ

aM

TOTAL SHOWN IN REV C

9! A3
5$'S,"a. a.	 ss. mRi > FF,.^•^^A^,°w3^^."%

4.37E-09

TABLE DA.8.9
EMISSIONS HAZARD/MEI WKR RISK/MEI WKR

Carbon Monoxide

Nitrogen Oxide
1,3-Butadiene 2.38E-07

2-Hexanone

2-Pentanone

Acetone 2.04E-03
Acetonitrile 7.03E-03

Benzene 2.75E-03 5.62E-08
Heptane
Methyl N-amyl Ketone 5.05E-04
N-hexane 2.20E-04

Nonane
Octane
Toluene 8.71E-06
Ammonia 2.07E-02
Phospho ric Acid Tributyl Ester
Carbon Tetrachlo ride 1.71E-08 2.13E-13
Ethyl Buty l Ketone 1.42E-09

Methyl Chlo ride 3.75E-15

Tetrahydrofuran

TABLE D.4.8.10
EMISSIONS IRAZARDIMWKR RISKIMEI WKR

Acetone 1.13E-06

Ammonia 3.65E-06

n-Buty l Alcohol 8.48E-06
2-Hexanone

Methyl Isobutyl Ketone

^^^^ va^R$ v^^^945Y^f:F	 &^.,p[`..F':

3.34E-07

aYA fi Z`^FZiti^. '̂.bn^^w^ b[v.. .:i:k 1tY R> A. ".HFFi Rp:

//
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TABLE D.4.8.11
EMISSIONS HAZARD/MEI WKR RISK/MEI WKR

Acetone 1.50E-05

Ammonia 4.88E-05
n-Buty l Alcohol 1.13E-04

2-Hexanone

Methyl Isoburyl Ketone

.Q3,.•x1L^x°.'ti.3n^o°F..a^`oYoo:^>&s'^&.E°SS^^".̂m^^3u^

4.45E-06

TABLE D.4.8.12D.4.8.12
EMISSIONS HAZARD/MEI WKR RISKlMEI WKR

Carbon Monoxide
Nitrogen Oxide
1,3-Butadiene 6.41E-07

2-Hexanone

2-Pentanone
Acetone 6.13E-03
Acetonitrile 2.11E-02
Benzene 8.26E-03 1.51E-07
Heptane

Methyl N-amyl Ketone 1.51E-03
N-hexane 6 .61E-04

Nonane
Oc

ta
ne

Toluene 2.61E-05
Ammonia 6.22E-02

Phosphoric Acid Triburyl Ester
Carbon Tetrachloride 5.12E-08 5.73E-13

Ethyl Butyl Ketone 4.25E-09

Methyl Chloride 1.01E-14

Tetrahydrof imn ME

TABLE D.4.8.13
E
MI

SSIONS HAZARD/MEI WKR RISK/MEI WKR
Carbon Monoxide
Nitrogen Oxide
1,3-Butadiene 1.53E-09
2-Hexanone

2-Pentanone

Acetone 4.74E-05
Acetonitrile 1.63E-04

Benzene 639E-05 3.60E-10
He tane
Methyl N-amyl Ketone 1.17E-05
N-hexane 5.11E-06

Nonane
Octane

Toluene 2.02E-07

Ammonia 4.81E-04
Phospho ric Acid Tribury l Ester
Carbon Tetrachlo ride 3.96E-10 1.37E-15

Ethyl Butyl Ketone 3.29E-11

Methyl Chlo ride 2.40E-17

Tetmhydrofumn

fl. °^ ;;,,4yyŝ: j$£',-'§$^.yqg&'3
3.' 	 a^vcxwa :Yra"	 ox

TOTAL SHOWN IN REV C

3 ,. ^ u c.^- . ,.37 T^LEtV4
.£	

,,.s2is .y.ai

7.73E-04

i>a f^'^s£1 q^p
¢.,.3,3..3rS
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TABLE D.4.8.14
EMISSIONS HAZARD/MEI WKR RISK/MEI WKH

Aluminum
Arsenic 4.52E-10

Boron 6.34E-10
Barium 1.88E-10

Beryllium 7.74B-14

Bismuth
Cadmium 3.73E-12
Ce rium
Chromium (+3) 2.47E-06
Copper
Manganese

Molybdenum
Nickel
Lead

Silver

Uranium
Vanadium

Zinc
NEON S`^

M.^ncQ:^D^Y ^tl'^ 1:
n:.:^:%..0'aIia^'CVAYV'N...:;uSY'SA3..vu.:(c^''

^	 p^'pK$6cq•
V!4''a°^Sv`nGW`.x^^v."R^v

{w^.^.ywn 3.A3
	

y.Ym

TABLE DA.8.15

EMISSIONS HAZARD/MEI WKR RISKflal WKR

Carbon Monoxide
Nitrogen Oxide
1,3-Butadiene 7.10E-11

2-Hexanone

2-Pentanone

Acetone 1.08E-06
Acetonitr ile 3.70E-06
Benzene 1.45E-06 1.67E-11
He tone
Methyl N-amyl Ketone 2.65E-07

N-hexane 1.16E-07
Nonane

Octane
Toluene 4.58E-09
Ammonia 1.09E-05
Phosphoric Acid Tributyl Ester
Carbon Tetrachlo ride 8.97E-12 6.36E-17

Ethyl Buty l Ketone 7.45E-13
Methyl Chloride 1.12E-18
Tetrahydrofuran	

g,q^
	 4	 G

q
y

rtkv$ ̂ i.L7R Ca..Pn. vko^wL$.'Li`<t"^i.':.5^.

TOTAL SHOWN IN REV C

t^'
w'

	.^y*''`f
ci'nv"n<i.m^Fe<S

y n
<..i.7Ff'<.L1

8.78E-II

TABLE DA.8.16
EMISSIONS HAZARD/MEI WKR RISK/MEI WKR
Acetone 5.61E-08
Atnnwnia 1.82E-07

n-Butyl Alcohol 4.22E-07
2-Hexanone i

Methyl Isobuty l Ketone
lN1.}̂ ^ 	 p

pp
y 	 g	 ^yy

R^R•W":'in.:Ai" #::rY<Fb i; 5n .0"Y'.

TOTAL SHOWN IN REV C

1.66E-08
nk	 n	 S	 U{RJ<y5f.

{?	 ^

L^.Yd D":^^<mw&n^i.RE^^#	 ^C<v: wn _ ..fi: n6•7

6.76E-07
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TABLE D.4.8.17
EMISSIONS HAZARWHEI WKR RISK/MEI WKR

Acetone 7.46E-07

Ammonia 2.43E-06
n-Butyl Alcohol 5.61E-06

2-Hexanone

Methyl Isobutyl Ketone

TAIs' y ^'^Nya$^sS	 ^£ 2 a`g$``3
z,xa'sa s.wtn£s.^i .xni'»:â 5 	s,'4."^x'R1:
TOTAL SHOWN IN REV C

2.2113-071.

ci as wis`.x>.	 5.OIE.O- "`^
9.00E-06

M ^`7	 °q %;?7gR	 '.
a£.1.3w$#3# M,^:.

TABLE DA.8.18
EMISSIONS HAZARD/117EI WKR RISFJM[EI WKR

Carbon Monoxide
Nitrogen Oxide
1,3-Butadiene 1.91E-10

2-Hexanone

2-Pentanone

Acetone 3.23E-06

Acetonitrile 1.11E-05
Benzene 4.35E-06 4.50E-11

He lane
Methyl N-amyl Ketone 7.96E-07

N-hexane 3.48E-07

Nomme
Octane
Toluene 1.38E-08
Ammonia 3.27E-05
Phospho ric Acid Tributy l Ester
Carbon Tetrachloride 2.69E-11 1.71E-16

Ethyl Buty l Ketone 2.24E-12

Methyl Chlo ride 3.00E-18
Tenahydrofuren

TOTAL SHOWN IN REV C

0

5.26E-05

GEE
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TABLE D.4.8.19
EMISSIONS HAZARD/MEI WKR RISK/MEI WKR
Carbon Monoxide
Nitrogen Oxide
1.3-Butadiene 4.13E-13

2-Hexanone

2-Pentanone

Acetone 2.27E-08
Acetonitrile 7.80E-08
Benzene 3.05E-08 9.74E-14
He tane
Methyl N-amyl Ketone 5.60E-09
N-hexane 2.44E-09
Nonane
Octane
Toluene 9.67E-11

Ammonia 2.30E-07
Phosphoric Acid Tribdty l Ester
Carbon Tetrachlo ride 1.89E-13 3.70E-19
Ethyl Butyl Ketone 1.57E-14
Methyl Chlo ride 6.50E-21
Tettahydmfumn

^^^^
• ^°s"^` 9"Yrz8^`8^ sr•^'z'.T§' :'V3'`

3r^w2`.a $i.^'a..i;:a#e^aafrx$..
TOTAL SHOWN IN REV C

aiy x b	 '.': sxy	 vg,.`3:^'»^ G9,)M,O..

3.70E-07

;	 x	 ;'3 $`.. 4 ?^r.S.^i'.` 3

5.11E-13

TABLE D.4.8.20
EMISSIONS HAZARD/MEI WKR RISKIMEI WKR

Aluminum
Arsenic 2 . 18E-10

Boron 5.36E-30
Barium 1.59E-10

Bery llium 3.72E-14
Bismuth
Cadmium 1.80E-12
Cerium

Chromium (+3) 2.09E-06
Copper

Manganese

Molybdenum
Nickel
Lead

Silver
Uranium
Vanadium
Zinc

a T & s	 µs y AAx3's
TOTAL SHOWN BJ REV C

?h z	 F
	
OWN :ti a	 ,3 :?2p><sn

2.19E-10
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TABLE D.4.9.6
EMISSIONS HAZARDIMEI WKB RISK/MEI WKR
Carbon Monoxide

Nitrogen Oxide
1,3-Butadiene 1.90E-07

2-Hexanone

2-Pentanone

Acetone 4.73E-03

Acetonitr le 1.63E-03
Benzene 6.37E-03 4.49E-08
Heptane
Methyl N-am l Ketone 1.17E-03

N-hexane 5.10E-04

Nonane
Octane
Toluene 2.02E-05

Ammonia 4.80E-02
Phosphoric Acid Tribdiyl Ester
Carbon Tetrachlo ride 3.95E-08 1.70E-13
Ethyl Buty l Ketone 3.28E-09

Methyl Chlo ride 2.99E-15
Tetrahydmfuran

1̂ vyy 9wmy
ia

6
^.w

, :̀
.^.8
5̂QE>

402 0`41{oJaf ^AtA`T9â ^OlA?PYN.TY <..w.S°6
TOTAL SHOWN IN REV C

Qc^,'faz^
Avail$	 iv nva#"Y	 tl	 >.wi^ii,N^	 ^^u'

TABLE D.4.9.7
EMISSIONS RISKIMEI WKR

Carbon Monoxide

K

Nitrogen Oxide
1,3-Butadiene 2.26E-07

2-Hexanone

2-Pentanone
Acetone 5.61E-03
Acetonitrile 1.93E-02

Benzene 7.55E-03 5.32E-08

Heptane

Methyl N-amyl Ketone 1.38E-03
N-hexane 6.02E-04

Nomne
Oc tane

Toluene 2.38E-05
Ammonia 5.73E-04
Phospho ric Acid Tr

i
butyl Ester

A. >^/v 4f	 3fYiw.^'.lC'm2 $n {ZA..M	 ^fl.'MVnVrc(n. RUw^.W:wn nvn..n.i
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TABLE D.4.9.8
EMISSIONS HAZARD/MEI WER RISK/MEI WKR
Carbon Monoxide
Nitrogen Oxide
1,3-Butadiene 8.23E-08
2-Hexanone

2-Pentanone

Acetone 2.04E-03
Acetonit rile 7.03E-03
Benzene 2.75E-03 1.94E-08
Heptane

Methyl N-amyl Ketone 5.05E-04

N-hexane 2.20E-04

Nonane
Octane
Toluene 8.71E-06

Ammonia 2.07E-021 I

Phosphoric Acid Tributyl Ester
Carbon Tetrachlo ride 1.71E-08 7.36E-14
Ethyl Butyl Ketone 1.42E-09
Methyl Chloride 1.29E-15
Teunhhydd

ji fl
m
^?

,thran	
y

a,	 rv...%.^.tS R â9S0. ^^YA'̂A\O .	 . O.L . b
n	 S.'R^R̂ wc'' ywu	 S^P2^w 3	 ' ^3,	 2E`	.

TABLE D.4.99
EMISSIONS HAZARD/NMI WKR RISK/MEI WKR
Acetone 1.13E-06

Ammonia 3.65E-06
n-Butyl Alcohol 8.48E-06
2-Hexanone

Methyl Isobutyl Ketone
#h;w	" '	 '

#^#a^^ R^ìKk. :

3.34E-07
"€ i	 s	 ^sr3	 .^
kb 3#h#wE#^..c^.^.^..,... ..a MEMO •^ -,j^^^:^' 	gR^!

TABLE D.4.9.10
EMISSIONS HAZARD/MEI WKR RISK/MEI WKR
Carbon Monoxide
Nitrogen Oxide
1,3-Bu tadiene 9.78E-08
2-Hexanone

2-Pentanone
Acetone 2.42E-03
Acemnitrile 8.34E-03
Benzene 3.26E-03 2.30E-08
Heptane

Methyl N-amyl Ketone 5.98E-04

N-hexane 2.60E-04
Nonane
Octane
Toluene 1.03E-05
Ammonia 2.48E-04

Phosphoric Acid Tnbu ty l Ester

1-Alfh•S	tl^•2'R
	 R^	 R yy »y$S^f...

P'#	 Gn

_
5 LY }^_g .g.	 #^c—s{pm^^) 5S.

R.	 Nk^:'3!TAnF.....:
?T	 ^^^}}eebt'^^ZIVI
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TABLE D.4.9.11
EMISSIONS HAZARD/MEI WKR RISK/MEI WHIR

Aluminum
Arsenic 1.89E-10
Boron 6.34E-10

Barium 1 .88E-10

Beryllium 3.23E-14
Bismuth
Cadmium 1.56E-12
Cerium
Chromium (+3) 2.47E-06
Copper
Manganese

Molybdenum
Nickel

Lead

Silver

Uranium
Vanadium

Zinc
lYi``txuV^'Y$'§$ q

>:.n^o. tux3oflai:	 z:.R :.&$zEa.&.+.aa ^Y&sF
TOTAL SHOWN IN REV C

'g'^ fi,.bw 
	 94^E

':E	a	 -.:..^.^
1.90E-10

TABLE D.4.9.12
EMISSIONS RISK/MEI WKR
Carbon Monoxide
Nit rogen Oxide
1,3-Butadiene 2.45E-11

2-Hexanone

2-Pentanone

Acetone
Acetonitrile
Benzene

RINIE

 5.77E-12
Heptane

Methyl N-amyl Ketone
N-hexane

Nomne
Octane
Toluene 9
Ammonia 5
Phosphoric Acid Tributyl Ester
Carbon Tetrachlo ride 8.97E-12 2.19E-17

Ethyl Bu 1 Ketone 7.45E-13
Methyl Chlo ride 3.85E-19
Tetrahyd rotutan

TABLE D.4.9.13
EMISSIONS HAZARD/Ml WKR RISKIWI WKR
Acetone 5.61E-08
Ammonia 1.82E-07

n-Buty l Alcohol 4.22E-07

2-Hexanone
Methyl Isobuty l Ketone

t3AYs	 €asy Gaza
.A	 Hf:hR....4.`1i	 d.«R..

TOTAL SHOWN IN REV C

1.66E-08
^.aa£g

aa' A:t^+£o>%J^a	 ..:fin°Dr

I

a	 y^
.p>:4... LAG Fi.q'V/:

6.76E-071
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TABLE D.4.9.14
EMISSIONS HAZARD/MEI WKR RISKIMI WHIR
Carbon Monoxide

Nitrogen Oxide
1,3-Butadiene 2.91E-11
2-Hexanone
2-Pentanone
Acetone 1.28E-06
Acetonitrile 4.39E-06
Benzene 1.72E-06 6.84E-12
Heptane
Methyl N-amyl Ketone 3.15E-07
N-hexane 1.37E-07
Nomme
Octane

!I
y

Toluene 5.40E-09
Ammonia 1.30E-07
Phosphoric Acid Tribdtyl Ester
..	 I ,̀ ,̂ .̀yae a^n3^	 ^'^8'a^ 

TOTAL SHOWN IN REV C 796E-06 3.60E-11

TABLE D.4.9.15
EMISSIONS HAZARDMI WKR RISIUMEI WKR

Aluminum
Arsenic 9 .07E-11
Bomn 5.36E-10
Barium 1 .59E-10
Beryllium 1.55E-14
Bismuth
Cadmium 7.48E-13

Ce rium
Chromium (+3) 2.09E-06
Copper
Manganese

Molybdenum
Nickel

Lead

Silver

Uranium
Vanadium
Zinc

T(T`
' h'z§..is'g,;gga 3 9§

TOTAL SHOWN IN REV C 9.Z4E-II
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TABLE D.4.9.21
EML9SIONS HAZARD/MEI WKR RISK/MEI WKR
Carbon Monoxide
Nitrogen Oxide
1,3-Butadiene 3.52E-07

2-Hexanone

2-Pentanone

Acetone 4.73E-03
Acetonitr ile 1.63E-03
Benzene 6.37E-03 1.30E-07
Heptane

Methyl N-amyl Ketone 1.17E-03
N-hexane 5.10E-04

Nonane
Octane
Toluene 2.02E-05
Ammonia 4.80E-02

Phosphoric Acid Tribulyl Ester
Carbon Tetrachlo ride 3.95E-08 4.93E-13
Ethyl Buty l Ketone 3.28E-09
Methyl Chlo ride 8.67E-15
Tetrahydrofuran

t,WMA^ $^° ^	 d$u:
9cor.	 .a......?ooru'Sa:	 S	 ° °AY9"o'^^.i

TOTAL SHOWN IN REV C

v
"	:i $ ak 4) U^

7.71E-02

.'	 >$ of $21	 1

6.82E-07

TABLE D.4.9.22
EMISSIONS HAZARDlMEI WKR RISK/MEI WKR

Carbon Monoxide
Nitrogen Oxide
1,3-Butadiene 1.48E-06
2-Hexanone
2-Pentanone
Acetone 1.42E-02

Acetonitrile 4.88E-02
Benzene 1.91E-02 3.50E-07

Heptane

Methyl N-amyl Ketone 3.50E-03
N-hexane 1.53E-03

Nonane
Octane
Toluene 6.05E-05
Ammonia 1.44E-0 1

Phospho ric Acid Tributyl Ester
Carbon Tetrachlo ride 1.18E-07 1.33E-12

Ethyl Buty l Ketone 9.83E-09
Methyl Chlo ride 2.33E-14

Tetrahydrofumn
Yw. 3`5 u^s$a.. ^:	 as

. .,.'.cs3u 6S>.5 n az.ok 	.. M o4CjeV'w^^"̂ gP h°S:i SFJRY 3^wr .	 1190
3.de`7iy^
.R s. ki
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TABLE D.4.9.23
EMISSIONS HAZARD/MEI WKR RISK/MEI WKR

Carbon Monoxide

Nitrogen Oxide
1,3-Butadiene 2.38E-07
2-Hexanone

2-Penumone

Acetone 2.04E-03

Acetonitrile 7.03E-03
Beaune 2.75E-03 5.62E-08

Heptane
Methyl N-amyl Ketone 5.05E-04

N-hexane 2.20E-04

Nomme

Octane
Toluene 8.71E-06
Ammonia 2.07E-02
Phosphoric Acid Tributyl Ester
Carbon Tetrachlo ride 1.71E-08 2.13E-13
Ethyl Butyl Ketone 1.42E-09
Methyl Chlo ride 3.75E-15
Tetmhydrofumn
SST e^g$ w8 k.3 gl. $

Mil 	 o F	 m	 a	 ix33	 .<o w..'G.........m. 	 .,..c:.
'.g	

U3?R9Y oPo.aaa .............x...a

TABLE D.4.9.24
EMISSIONS HAZARD/MEI WKR RISK/MEI WKR
Acetone 1.13E-06

Ammonia 3.65E-06
n-Buty l Alcohol 8.48E-06
2-Hezanone

Methyl Isobutyl Ketone	
yy^^^9'	 ^	 Y^y'S'ct^h 

Y BZ'Si+^NAkLt[6Rt^b^$it^dJ
gv^t	

3.34E-07
"1 {I Mini;

wfm'GL^€5£^
4.Yy..'

^ftVAY

TABLE DA.9.25
EMISSIONS HAZARD/MEI WKR RISK/MEI WKR
Carbon Monoxide
Nitrogen Oxide
1,3-Butadiene 6.41E-07

2-Hexanone

2-Pentanone

Acetone 6.13E-03
Acetonitrile 2.11E-02
Benzene 8.26E-03 1.51E-07

Heptane
Methyl N-amyl Ketone 1.51E-03
N-hexane 6.61E-04

Nonane
Octa ne
Toluene 2.61E-05

Ammonia 6.22E-02
Phospho ric Acid Tributy l Ester
Carbon Tetrachlo ride 5.12E-08 5.73E-13

Ethyl Buty l Ketone 4.25E-09

Methyl Chloride 1.01E-14

Tetra
ryr !!hh

yy
' rr
d̂̂mfumn	

RR
i 4^^.oz'^c".wPw^A£bwDA?'2AXR^k 4H>i. <o ^Sa2
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TABLE DA.926
E
MI

SSIONS HAZARD/MEI WHIR RISE/MEI WHIR
Aluminum
Arsenic 1.89E-10

Boron 6.34E-10

Ba rium 1.88 131 10
Beryllium 3.23E-14
Bismuth
Cadmium 1.56E-12
Cerium
Chromium (+3) 2.47E-06
Copper

Manganese

Molybdenum

Nickel

Lead

Silver
Uranium
Vanadium
Zinc

j^ y j^
I MI m,n'v^^>^A.W^T.'ffl+^tS^^^LG'V^Y.v^3

TABLE D.4.9.27

EMISSIONS HAZARD/MEI WKR RISKIMET WKR

Aluminum
Arsenic I	 4.52E-30

Boron 6.34E-10

Barium 1.88E-10

Beryllium 7.74E-14
Bismuth
Cadmium 3.73E-12
Ce rium
Chromium (+3) 2.47E-06
Copper

Manganese

Molybdenum
Nickel

Lead

Silver
Umnium
Vanadium
Zinc	

^;	 ^y
va E^aSR I,, ^a° °..cyvw'I , OR.... 4 m'•.	 :5&: `	 ^c . `̂Z,°	 At^r C0.
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TABLE D.4.9.28
EMISSIONS HAZARD/MEI WKR B.ISK/MEI WKR

Carbon Monoxide
Nitrogen Oxide
1,3-Butadiene 7.10E-11
2-11cmnone
2-Pentanone
Acetone 1.08E-06
Acemnitrile 3.70E-06
Benzene 1.45E-06 1.67E-I1

Heplane
Methyl N-am 1 Ketone 2.65E-07
N-hexane 1.16E-07

Nonane
Octane
Toluene 4.58E-09
Ammonia 1.09E-05
Phosphoric Acid Triburyl Ester
Carbon Tet rachloride 8.97E-12 6.36E-17
Ethyl Buty l Ketone 7.45E-13
Methyl Chloride 1.12E-18
Tetrah

h

ydrofutan

'vv,	 S	 S o w	
S	

p¢
.,w%i fu^M3Kn^..S.^rc%' NREV Rn'X.d

C 
lSW\Rg">k

TOTAL SHOWN IN REV

CCZ b 6	 NSW ES S 
V IIS"

SwA O'mR	 n...,F`4??.RnCe#x9x^
S	 y5	 :7E	 L

"'"'"

8.78E-11

TABLE D.4.9.29
EMISSIONS HAZARD/MEI WKR RISK/MEI WKR

Acetone 5.61E-08

Ammonia 1.82E-07
n-Buty l Alcohol 4.22E-07
2-Hexanone

Methyl lsobu tyl Ketone
RG#	 e	

^	

O A Y.	 L

SRI

TOTAL SHOWN IN REV C

1-66E-08
 ^.,

6.76E-07

.^55	 ^^ Y;gK?x"('j^ ^ ^•.
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V

TABLE D.4.9.30
EMISSIONS HAZARD/MEI WKR RISK/MEI WKR

Carbon Monoxide
Nitrogen Oxide
1,3-Butadiene 1.91E-10

2-Hexanone
2-Pentanone
Acetone 3.23E-0G

Acetonitrile 1.11E-05

Benzene 4.33E-06 4.50E-I1

Heptane
Methyl N-amyl Ketone 7.96E-07

N-hexane 3.48E-07

Nonane
Octane
Toluene 1.38E-08
Ammonia 3.27E-05

Phosphoric Acid Tributy l Ester
Carbon Tetrachlo ride 2.69E-11 1.71E-16

Ethyl Butyl Ketone 2.24E-12
Methyl Chlo ride 3.00E-18

Tetrahydrofuran
vqab o" 4^? 6z3Sm o^ooaGG°^o?o°i'#

.n...H..a.3 A w&^ 	hmtr:̂,L W44-0`#°RY9a
TOTAL SHOWN IN REV C

.6	 ^. <ao>	 A
- YzotoM.eats 24 $P^.^'tv'v59ro	 .m ,w^,^+omw

5.26&05

TABLE DA-9.31
EMISSIONS IRAZARDIMIWKR RISK/MEI WKR

Aluminum
Arsenic 2.18E-10

Boron 5.36E-10
Barium 1391!10

Beryllium 3.721!14

Bismuth
Cadmium 1.80E-12

Cerium
Chromium (+3) 2.09E-06

Copper
Manganese
Molybdenum
Nickel
Lead

S
il
ver

Uranium
Vanadium
Zinc

+f:+++b8P'>4u k" Ek:^e^.RRWWOn"4.^^iac,» a.^8s.8ai°c k'mnvnar^.. 	 .4'

TOTAL SHOWN IN REV C
TnwV'^i.nY.:.

3	 KF``^^D', ' gi"i^QR1a

2.19E-10
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CONFIRMATION OF TOTALS FOR TABLE D.6.4.2

EVAPORATORI MOUSE COYOTE DEER HAWK SHRIKE

Cs-137 5.93E-12 1.29E-12 2.20E-13 1.04E-12 4.33E-12

H-3 1.81E-10 3.10E-11 5.32E-12 2.69E-11 - 1.3213-10

1-129 1.2213.12 1.69E-13 2.89E-14 2.00E-1 3 8.91E-13

Sr-90
,vr"^:

rs+	 ..:
	 :.	 .<rt
	 `"	 .' . `	 ' .

2.01E-11
:aesmx^3'..308E}

2.00E-12
•sa:r:.iw >icn: •:sR.

3.42E-13
mxx.>>	 .:.

Eg ^ ^

2.98E-12
x

1.47E-11
=	 m:
'32^^

EVAPORATOR2 MOUSE COYOTE DEER 111AWK ISHRIKE

Cs-137 1.84E-12 4.00E-13 6.8413- 14 3.24E-13 1.35E-12

' H-3 1.04E-11 1.78E-12 3.06E-13 1.54E-12 7.60E-12

I-129 1.22E-12 1.69E-13 2.89E-14 2.00E-13 8.91E-13

Sr-90
Ham.	 ..

>:^ ff

i;:.«<ssc':"•	 cxm`,Y3'	 : s	 ..c ...m :...

TOTAL IN REV C

5.83E-12

ml
.w`	 ^. 'y.

....x •.:qua..
^'	 MEN,::s: 

5.80E-13
.6'fC,

 r.::anua-,.::s

..
9.93E-14

o	f,a

5.01E-13

8.66E-13.°..
5939°

4.26E-12
'Y	 'mgwR;

OPERATIONS PHASE MOUSE COYOTE DEER HAWK SHRIKE

Cs-137 3.10E-10 6.72E-11 1.15E-I1 5.44E-11 2.26E-10

1-129 1.05E-11 1.45E-12 2.48E-13 1.72E-12 7.65E-12

Sr-90

(„^	
...

TOTAL IN REV C

8.22E-10 8.18E-11
-3 x:	 Y%'

:.:'>.°aav:

1.40E-I1
ry

^:)',..ii.7';I.

1.58E-11

1.22E-10
3ar	 ^'

i.n"	 .F.	 ..k'

6.01E-10
' zybrkX

Rr,.:b.`

OPERATIONS PHASE MOUSE ICOYOTF DEER HAWK SHRIKE

Cs-137 1.12E-13 2.43E-14 4.17E-15 1.97E-14 8.20E-14

1-129 3.80E-15 5.24E-16 8.98E-17 6.23E-16 2.77E-15
Sr-90

_:^...<.90..nr ..	 ,.^ ..	 ¢	 ". y. +y.y^	 4k3A	 R"">

T4T
aa

TOTAL IN REV C

2.98E-13
x"`SCiY. .,..

,,^[.. ^@

2.96 13-14

-^9^^;^44^1

5.45&14

p'do

5.08E-15
i6iA•;N..m>^

9^»'^

4.42E-14

^ bi4+H-f^!

6.46E-14

:argq':,.
'

2.18E-13. 	
,"maw,

:7
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CONFIRMATION OF TOTALS TABLE D.6.4.6

SOURCE FISH CRAWDAD DUCK-p DUCK-r HERON MUSKRAT
300 Year Maximum
INTERNAL 3 . 10E-07 3 .60E-07 2 .90E-07 8.70E-07 5.60E-07 2.90E-07
IMMERSION OR SURFACE 3 .60E-10 1 .80E-10 2.00E-10 2 .00E-10 5 .40E'l l 1.10E-10
SEDIMENT

.,...e`:..:..:
9.50E-12

>:'....`,..,:,
1.901 3111

8wiz3060Q:?`;.
m.

3.80E-12

OFt{.E.???"°,'^.^
3.80E-12

%;z.,^..r::"

5.70E-12

`".^.

5.70E-12

M„w..<,^^

SOURCE FISH CRAWDAD DUCK-p DUCK-r HERON MUSKRAT
500 Year Maximum
INTERNAL 4.20E-07 4 .30E-07 4 .80E-07 1 .20E-06 7.70E-07 4.80E-07
IMMERSION OR SURFACE 2 .6013, 13 1 .30E-13 1 .40E-13 1 .40E-13 3 .90E-14 7 .90E-I4
SEDIMENT 7.50E-12 1 .50E-11 3.00E-12 3 .00E-12 4 .50E-12 4 .50E-12

Page 2
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CONFIRMATION OF TOTALS - TABLE D.6.4.7

MINIMUM DOSE
RADIONUCLIDE MOUSE COYOTE DEER HAWK SHRIKE

Am-241 4.35E-09 4.24&10 7.26E-11 6.47E-10 3.18E-09
C-14 1.13E-04 1.12E-05 1.92E-06 1.67E-05 8.24E-05
Cs-137 4.12E-05 8 .93E-06 1.53E-06 7 .24E-06 3 .01 13!)5

- I. 129 1.25E-05 1 .73E-06 2.97E-07 2 .06E-06 9.17E-06

Pu-239 4.46E-10 4.43E-11 7 .59E-12 6 .62E-11 3 .26E-10

Pu-240 4.46E-10 4.44E-11 7.61E-12 6.63E-11 3.26E-10

Ru-106 2.54E-13 2.74E-14 4.70E-15 3.83E-14 1.86E-13

Sm-151
Sr-90 1.25E-04 1 .24E-05 2.12E-06 1.85E-05 9.10E-05

TC-99 5 .81E-11 5.78 13,12 9.89E-13 8.62E-12 4 .24E-11

Zr-93
w	 w. a:«ewa :

TOTAL IN REV C 1.97E-04

" ..

MAXIMUM DOSE
RADIONUCLIDE MOUSE COYOTE DEER HAWK SHRIKE

Am-241 7. 12E-04 6.95E-05 1 . 19E-05 1.06E-04 5.21E-04

C- 14 1.85E+01 1.84E+00 3 . 15E-01 2.74E+00 1 .35E+01
Cs-137 6.75E+00 1.46E+00 2 .51E-0 1 1.19E+0D 4 .93E+00
1-129 2.06E+00 2.84E-0 1 4.86E-02 3 .37E-0 1 1.50E+00
Pu-239 7.30E-05 7 .26E-06 1 .24E-06 1 .08E-05 5 .34 13,115
Pu-240 7 .32E-05 1	 7 .2813-06 1.25E-0b 1.09E-05 5.35E-05
Ru-106 4.17E-08 4.49E-09 7.70&10 6.28E-09 3.05E-08
Sm-151
Sr-90 2 .04E+01 2 .03E+00 3 .48E-0 1 3 .03E+00 1.49E+01

TC-99 9.51E-06 9.47E-07 1 .62E-07 1 .41E-06 6 .95E-06
Zr-93

r	 . 's^^zi' <a..
al`S7'1'A1: xÊ ".,<,i^

TOTAL IN RRV C

,.
a<w::o ..,.:

Moo5.61E+00

3..^?..ate^rF.EAS

9.62E-01

t	 .RF`z^ uc^.,,>,r^«
.s,'xiT,..f.^F.,>:,...&.:.:
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CONFUtMAT1ON OF TOTALS - TABLE D.6.4.8
IN SITU CHEM - 6 YRS

MINIMUM DOSE
RADIONUCLIDE MOUSE COYOTE DEER HAWK SHRIKE
Am-241 1 .46E-12 1 .4213-13 2 .44E-14 2 . 17E-13 1.07E-12
C-14 2.72E-14 2.71E-15 4.64E-16 4.04E-15 1.99944

Cs-137 9.69E-09 2.10E-09 3.60E-10 1.70E-09 7.08E-09
1-129 9.45E-16 1.31E-16 2.24E-17 1.55E-16 6.90E-16
Pu-239 2 .21E-13 2 .20E-14 3 .77E-15 3 .29E-14 1.62E-13
Pu-240 2 .22E-13 2 .21E-14 3 .78E-15 3 .29E-14 1 .62E-13
Ru-106 2 .021`19 2 . 18E-20 3 .73E-21 3 .04E-20 1.47E-19
Sm-151
Sr-90 4.51E-08 4.49E-09 7.69E-10 6.70E-09 3.30E-08
TC-99 2 . 17E-14 2 .16E-15 3 .70E-16 3 .23E-15 1 .59E-14
Zr-93

X-	 ^.	 11
, r...

TOTAL IN REV C
:..	 ^. ^ .

<	 <	 p	 .
^>.x,^,^ . ter...„..

4091)4

8.41E-09

MAXIMUM DOSE
RADIONUCLIDE MOUSE COYOTE DEER HAWK SHRIKE
Am-241 2.39E-07 2.33E-08 4.00E-09 3.56E-08 1.75E-07
C-14 4.46E-09 4.44E-10 7.61E-I1 6.63E-10 3.26E-09
Cs-137 1.59E-03 3.44E-04 5.90E-05 2.79E-04 1.16E-03
I-129 1.55E-10 2.14E-I1 3.66E-12 2.54E-11 1.13E-10
Pu-239 3.63 13-08 3.61E-09 6.18E-10 5.39E-09 2.65E-08
Pu-240 3.63E-08 3.62E-09 6.19E-10 5.40E-09 2.66E-08
Ru-106 3.31E-14 3.56E-15 6.10E-16 1	 4.98E-15 2.42E-14
Sm-151
Sr-90 7.40E-03 7.36E-04 1.2613-04 1.10E-03 5.41E-03
TC-99 3 .56E-09 3 .54E-10 6.07E-11 5.29E-10 2 .60E-09
Zr-93...........	 .:	 ..	 ....,	 -
'^SQTA^ nar x'3	 08Fi .'coq .'aa'. y

a^.> «V .3•^`.'.`.',.^,.,

Page 4



Sheetl

CONFIRMATION OF TOTALS - TABLE D.6.4.8 (coot)
IN SITU FILL AND CAP-14 FRS

MINIMUM DOSE
RADIONUCLIDE MOUSE COYOTE DEER HAWK SHRIKE
Am-241 1.52E-12 1.48E-13 2.53E-14 2.25E-13 1.11E-12
C-14 2.74E-14 2.72E-15 4.66E-16 4.06E-15 2.00E-414
Cs-137 9.69E-09 2.10E-09 3.60E-10 1.70E-09 7.08 11-09
I-129 9.28E-16 1.28E-16 2.20E-17 1.52E-16 6.78E-16
Pu-239 2.18E-13 2.17E-14 3.72E-15 3.24E-14 1.59E-13
Pu-240 2.19E-13 2.18E-14 3.73E-15 3.25E-14 1.60E-13
Ru-106 1.99E-19 2.15E-20 3.68E-21 3.DDE-20 1.46E-19
Sm-151
Sr-90 4.60E-08 4.57E-09 7.83E-10 6.82E-09 3.36E-08
TC-99 2.21E-14 2.20E-15 3.76E-16 3.28E-15 1.61E-14
Zr-93

RN

PY.<'y'.	 ..6a$f^`5X.?.CM..O

TOTAL IN REV C

.any hL

5.56E-08

a	 .x>^e DMa:. y	 ..y.
...	

^y

8.53E-09

..„S'i
.'.^g

q

MAXIMUM DOSE
RADIONUCLIDE MOUSE COYOTE DEER HAWK SHRIKE
Am-241 2.48E-07 2.42E-08 4.15E-09 3.69E-08 1.81E-07
C-14 4.48E-09 4.46E-10 7.64E-11 6.66E-10 3.28E-09
Cs-137 1.59E-03 3.44E-04 5.90E-05 2.79E-04 1.16E-03
I-129 1.52E-10 2.10E-11 3.60E-12 2.49E-11 1	 1.11E-10
Pu-239 3.58E-08 3.56E-09 6.09E-10 5.31E-09 1	 2.6113-081 1

Pu-240 3.58E-08 1	 3.56E-09 6.10E-10 1	 5.32E-09 2.62E-08
Ru-106 3.27E-14 3.52E-15 6.03E-16 4.92E-15 2.39E-14 -

Sm-151
Sr-90 7.53E-03 7.49E-04 1.28E-04 1.12E-03 5.50E-03
TC-99 3.62E-09 3.60E-10 6.16E-11 5.37E-10 2.64E-09
Zr-93

>TOT:AL i%ri
°

3F^
'.^. 'u3,>. 11'^fd?933.$7A:yr4;...^.,..,3,.....a' ,...
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CONFUIMATION OF TOTALS - TABLE D .6.4.8 (cunt)
IN SITU VIT - 9 YRS
MINIMUM DOSE
RADIONUCLIDE MOUSE COYOTE DEER HAWK SHRM
Am-24 1 1.48E-12 1.44E-13 2.47E-14 2.20E-13 LOSE-12
C-14 2.72E-14 2.71E-15 4.64E-16 4.04E-15 1.99014

Cs-137 9 .53E-09 2 .07E-09 3.54E-10 1 .68E-09 6.97E-09
I-129 9.18&16 1 .27E-16 2 . 17E-17 1 .51E-16 6.71E-16
Pu-239 2 ,21E-13 2 .20E-14 3 .77E-15 3 .29014 1.62E-13
Pu-240 2 .22E-13 2 .21E-14 3 .78E-15 3 .29E-14 1 .62E-13

Ru-106 1 .99E-19 2 . 14E-20 3 .67E-21 2 .99E-20 1.45&19
Sm-151
Sr-90 4 .51E-08 4 .49E-09 7 .69E-I0 6 .70E-09 3.30E-08
TC-99 2.21E-14 2 .20E-15 3 .77E-16 3 .28E-15 1 .62E-14
Zr-93

^

i 
4YRY•

bT	 T	 : '.w	 &'' m'....	 ,

TOTAL IN REV C

P'S^:£5s46E5;U8

5.47E-08

.^. "

t5	 r )
. n	 , K9 n..	 ..na

e
:.e	 .

R¢ ?Z^	 i

MAXIMUM DOSE
RADIONUCLIDE MOUSE COYOTE IDEER HAWK SHRIKE
Am-241 2 .42E-07 2 .36E-08 4 .04E-09 3 .60E-08 1.77E-07
C-14 4.46E-09 4.44E-10 7.61E-11 6.63E-I0 3.26E-09
Cs-137 1 .56E-03 3 .39E-04 5 . 80E-05 2.75E-04 1.14E-03
1-129 1.50E-10 2.08E-11 3 .56E-12 2 .47E-11 1 .10E-10
Pu-239 3 .63E-08 3 .61E-09 6 . 18E-10 5 .39E-09 2.65E-08
Pu-240 3 .63E-08 3 .62E-09 6 . 19E-10 5 .40E-09 2.66E-08
Ru-106 3 .26E-14 3 .51E-15 6 .02E-16 4.91E-I 5 I	 2.38E-14
Sm-151
Sr-90 7.40E-03 7 .36E-04 1 .26E-04 1 . 10E-03 5.41E-03
Tc-99 3 .62E-09 3 .61E-10 6 . 18E-11 5.38E-10 2.65E-09
Zr-93

.<;,.	 .:
«...>A

TOTAL IN REV C

R ,..	 "U3 is OSE03

1.07E-03

..
a :i"^T`3	 ::;U3

1.37E-03
O 
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CONFIRMATION OF TOTALS - TABLE D.6.4.9
MINIMUM DOSE
RADIONUCLIDE MOUSE ICOYOTE IDEER HAWK ISHRIKE

Am-241 7.44E-09 7.26E-10 1.24E-10 1.11E-09 5.44E-09
C- 14 1.93E-04 1 .92E-05 3.29E-06 2 .87E-05 1 .41E-04
Cs-137 5 .06E-05 1 . 10E-05 1.88E-06 8 .90E-06 3 .70VD5
1 . 129 2.15E-05 2 .97E-06 5 .09E-07 3 .53E-06 1.57E-05
Pu-239 7.69E-10 7.65E-II 1.31E-11 1.14E-10 5.62E-10
Pu-240 7.70E- 10 7.66E-1I 1.31E-11 1.14E-10 5.63E-10
Ru-106 4.36E-13 4.70E-14 8.05E-15 6.57E-14 3.19E-13
Sm-151
Sr-90 2.13E-04 2.12E-05 3.63E-06 3.16E-05 1.56E-04
TC-99 1.00E-10 9.95E-12 1.70E-12 1.49E-11 7.31E-11
Zr-93

Moll

01 710.

MAXIMUM DOSE
RADIONUCLIDE MOUSE COYOTE DEER HAWK SHRIKE
Am-241 1 .22E-03 1 . 19E-04 2 .04E-05 1 .81E-04 8 .91E-04
C-14 3 . 17E+0I I	 3.15E+00 5.40E-01 1	 4 .70E+00 2 .32E+01
Cs-137 8.29E+00 I 1 .80E+00 3 .08E-0 I I	 1.46E+00 6.06E+00
1-129 3.52E+DO I 4.87E-0 I I I 8.34E-02 I 5.78E-0 1 2.58E+00
Pu-239 1 .26E-04 1 1 .25E-05 2 . 15E-06 1 1.87E-05 9.20E-05
Pu-240 1.26E-04 1.26E-05 2.15E-06 1.87E-05 9.22E-05
Ru-106 7.15E-08 7 .70E-09 1 .32E-09 1.08E-08 5 .22E-08
Sm-151
Sr-90 3 .49E+O1 3 .47E+00 5 .94E-0 1 5 . 18E+00 2.55E+01
TC-99 1.64E-C 1.63E-06 2 .79E-07 2 .43E-06 1.20E-05
Zr-93

°"^ffidIffifill °^'nR'	 o. ^ 8 `^i	 ^^lI
.,'P,

FI 'MA,♦iB2^5^' PT`^111Y;t^§,f^ '̀^'I^`29.F.`-G^FIo'^^.PW73E^3^U1?
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CONFIRMATION OF TOTALS - TABLE D.7.1.1
RADIONUCLIDE 1WSS 2WSS LESS 2ESS 4ESS 3WDS 3EDS SEDS
Ac-225 7.43E-12 1.15E-11 2.60E-11 2.42E-11 4.89E-1I
AC-227 -	 2.23E-08 1.71E-08 3.81E-08 1.67E-08 4.77E-09
Am-241 7.32E-03 3.80E-02 3.22E-02 1.05E-01 7.96E-02 6.83E-01 9.19E-01 6.13E-03
Am-242 1.15E-05 7.75E-05 8.10E-05 2.15E-04 1.49E-04
Am-242m 1.16E-05 7.79E-05 8.14E-05 2.16E-04 1.50E-04
Am-243 4.37E-06 3.13E-05 4.12E-05 1.25E-04 5.38E-05
At-217 7.43E-121 1.15E-11 2.60E-11 2.42E-I1 4.89E-11
Ba-137m 3.64E+00 1.51E+01 1.52E+01 1.36E+00 2.35E+00 2.10E+02 3.42E+02 4.79E+01
Bi-210 6.46E-14 4.65E-14 5.77E-14 7.56E-14 4.85E-14
Bi211 2.23E-08 1.71E-08 3.81E-08 1.67E-08 4.77E-09
Bi-212
Bi-213 7.43E-12 1.15E-11 2.60E-11 2.42E-11 4.89E-11
Bi-214 2.62E-13 2.01E-13 2.24E-13 3.21E-13 2.72E-13
C-14 1.22E-03 1.96E-03 7.88E-031 231E-03 3.13E-03 i	 4.63E-05 3.64E-02 6.44E-05
Cm-242 9.56E-06 6.43E-05 6.72E-05 1.78E-04 1.24E-041 I

Cm-244 1.39E-05 9.57E-05 2.16E-04 5.75E-04 1.24E-04
Cm-245 8.95E-10 6.98E-09 1.65E-08 4.41E-08 9.50E-09
Cs-135 8.90E-05 2.72E-04 2.27E-04 1.73E-05 3.67E-05
Cs-137 3.84E+00 1.60E+01 1.61E+01 1.44E+00 2.49E+00 2.10E+02 3.42E+02 4.79E+01
Eu-154 2.51E-02 1.15E+00 6.55E-03
Fr-221 7.43E-12 1.15E-11 2.60E-11 2.42E-11 4.89E-11
Fr-223 3.08E-10 2.35E-10 5.25E-10 2.31E-10 6.58E-11
1-129 7.32E-06 1.76E-05 3.94E-05 6.43E-06 2.95E-06
Nb-93m 3.68E-04 2.71E-03 1.60E-03 4.36E-03 2.59E-02
Ni-59 6.84E-03 1.43E-02
Ni-63 2.94E-02 1.95E-01 2.28E-01 6.32E-01 1.88E+00
N -237 3.56E-05 4.41E-05 2.13E-04 3.63E-06 7.72E-06 2.18E-05 7.05E-04 1.75E-06
N -238 5.51E-08 3.71E-07 3.88E-07 1.03E-06 7.14E-07
Np-239 4.37E-06 3.13E-05 4.12E-05 1.25E-04 5.38E-05
Pa-231 4.14E-08 2.93E-08 6.57E-08 3.64E-08 1.10E-08
Pa-233 3.56E-05 4.41E-05 2.13E-04 3.63E-06 7.72E-06
Pa-234 1.18E-06 4.15E-07 1.12E-06 1.11E-06 4.55E-07
Pa-234m 7.40E-04 2.59E-04 7.02E-04 6.95E-04 2.84E-04
Pb-209 7.43E-12 1.15E-11 2.60E-11 2.42E-11 4.89E-11
Pb-210 6.46E-14 4.65E-14 5.77E-14 7.56E-14 4.85E-14
Pb-211 2.23E-08 1.71E-08 3.81E-08 1.67E-08 4.77E-09
Pb-214 2.62E-13 2.01E-13 2.24E-13 3.21E-13 2.72E-13
Pd-107 3.89E-05 9.32E-05 2.13E-04 3.94E-05 1.68E-05
Po-210 6.46E-14 4.65E-14 5.77E-14 7.56E-14 4.85E-14
Po-211 6.09E-11 4.66E-11 1.04E-10 4.56E-11 1.30E-11
Po-213 7.27E-12 1.13E-11 2.54E-11 2.36E-11 4.78E-11
Po-214 2.62E-13 2.01E-13 2.24E-13 3.21E-13 2.72E-13
Po-215 2.23E-08 1.71E-08 3.81E-08 1.67E-08 4.77E-09
Po-218 2.62E-13 2.01E-13 2.24E-13 3.21E-13 2.72E-13
Pu-238 9.03E-04 1.19E-03 7.96E-04 2.14E-03 3.85E-03 6.04E-02 2.67E-03 2.40E-03
Pu-239 8.96E-03 1.44E-02 1.25E-02 5.21E-02 7.91E-02 1.23E-01 7.74E-02 1.57E-02
Pu-240 1.76E-03 3.17E-03 2.99E-03 1.33E-02 2.02E-02 4.38E-02 1.99E-02 4.42E-03
Pu-241 1.69E-02 2.55E-02 3.64E-02 1.42E-01 1.91E-01 1.06E+00 1.69E-01 1.27E-01
Pu-242 5.71E-11 3.84E-10 4.01E-10 1.06E-09 7.39E-10
Ra -223 2.23E-08 1.71E-08 3.81E-08 1.67E-08 4.77E-09
Ra-225 I 7.43E-12 11 2.60E-11 I 2.42E-11 4.89E-11
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Ra-226 2.62E-13 2.01E-13 2.24E-13 3.21E-13 2.72E-131 I

Rh-106 2 .63E-10 6 .79E-08 3 .55E-07 1 .05E-06 6.83E-06
Rn-219 2 .23E-08 1 .71E-08 3.81E-08 1.67E-08 4.77E-09
Rn-222 2.62E-13 2.01E-13 2.24E-13 3.21E-13 2.72E-13
Ru-106 2 .63E-10 6.79E-08 3 .55E-07 1 .05E-06 6.83E-06
Sb-126 3.42E-05 9.33E-05 2.89E-05 1.50E-04 6.19E-04
Sb-126m 2 .44E-04 6 .66E-04 2 .06E-04 1 .07E-03 4.42E-03
Se-79 4.18E-04 1.01E-03 2.24E-03 3.48E-04 1.64E-04
Sm-151 2 .69E-0 1 7 .37E-0 1 2 .36E-01 1 .09E+00 4 .27E+00
Sn-126 2 .44E-04 6 .66E-04 2.06E-041 1 .07E-03 4.42E-03
Sr-90 6 .46E+00 5 .73E+01 3 .58E+01 5 .27E+01 3 .27E+02
Tc-99 5 .04E-03 1.21E-02 2.71E-02 4.23E-03 1.98E-03
Th-227 2.20E-08 1.68E-08 3 .76E-08 1.65E-08 4.70E-09
Th-229 7.43E-12 1.15E-11 2.60E-11 2.42E-11 4.89E-11
Th-230 3.87E-11 3.15E-11 3.23E-11 4.86E-11 5.36E-11
7b-231 3 . 11E-05 1 . 17E-05 2 .98E-05 3.02E-05 1.20E-05
Th-232 7.95E-20 1.43E-19 1.35E-19 6.02E-19 9.08E-19
Th-234 7 .40E-04 2.59E-04 7.02E-04 6.95E-04 2.84E-04
TI-207 2.22E-08 1.70E-08 3.80E-08 1 .67E-08 4.76E-09
71-209 1.60E-13 2.49E-13 5.61E-13 5.22E-13 1.06E-12
U-233 5 . 16E-09 7 .02E-09 2 .54E-08 8 .69E-09 2.03E-08
U-234 2.11E-07 1.84E-07 - 1.86E-07 3.27E-07 4.34E-07
U-235 3 . 11E-05 1.17E-05 2 .98E-05 3 .02E-05 1.20E-05
U-236 9 .31E- 1 0 1 .67E-09 1 .58E-09 7 .04E-09 1.06E-08
U-237 4.13E-07 6.24E-07 8.92E-07 3.48E-06 4.68E-06
U-238 7.40E-04 2.59E-04 7.02E-04 6.95E-04 2.84E-04
Y-90 6 .52E+00 5.80E+01 3 .62E+01 5 .33E+O1 3 .30E+02 3 .50E+00 1.72E+02 8.56E-0 1
Zr-93

MEOW k^
TOTAL IN REV C

1.95E-04

^;^?a

3.20E-03

 a''^^k

1 .04E-03 6.06E-03

L	 Pi12
3.94E-02

3	 6681 ':A2t
6.69E+02

25) t
4.30E+02

i 58k 3
1.03E+03

>A;6$+Rt
9.77E+01
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CONFIRMATION OF TOTALS - TABLE D.7.1.2
RADIONUCLIDE INVENTOR RADIONU INVENTOR RADIONU BNVEMPORY
Ac-225 6.63E-12 Pa-234 2.57E-07 Rn-220 1.25E-20
Ac-227 7.42E-09 Pa-234m 1.60E-04 Rn-222 9.03E-14
Am-241 3.07E-0 1 Pb-209 6.63E-12 Ru-106 1.27E-08
Am-242 2.29E-05 Pb-210 2.40E-14 Sb-126 2.94E-05
Am-242m 2.29E-05 Pb-211 7.49E-09 Sb-126m 2.10E-04
Am-243 1.11E-05 Pb-212 1.25E-20 Se-79 3.05E-04
At-217 6.63E-12 Pb-214 9.03E-14 Sm-151 2.13E-0 1
Ba-137m 1.11E+01 Pd-107 2.90E-05 Sn-326 2.10E-04
Bi-210 2.40E-14 Po-210 2.40E-14 Sr-90 1.79E+01
Bi-211 7,42E-09 Po-211 2.02E-11 Tc-99 1.08E-02
Bi-212 1.25E-20 Po-212 7.98E-21 Th-227 7.32E-09
Bi-213 6.63E-12 Po-213 6.49E-12 Th-228 1.25E-20
Bi-214 9.03E-14 Po-214 9.03E-14 Th-229 6.63E-12
Cm-242 1.90E-05 Po-215 7.42E-09 Th-230 1.31E-11
Cm-244 3.96E-05 Po-216 1.25E-20 Th-231 6.90E-06
Cm-245 3.49E-09 Po-218 9.03E-14 Th-232 2.15E-19
Cs-135 4.86E-05 Pu-238 3.61E-04 Th-234 1.60E-04
Cs-137 1.17E+01 Pu-239 8.83E-03 TI-207 7.39E-09
Fr-221 6.63E-12 Pu-240 2.24E-03 71-208 4.48E-21
Fr-223 1,02E-10 Pu-241 2.51E-02 TI-209 1.44E-13
Nb-93m 1.07E-03 Pu-242 1.45E-30 U-233 4.03E-09
Ni-59 1.68E-03 Ra-223 7.42E-09 U-234 7.09E-08
Ni-63 9.00E-02 Ra-224 1.25E-20 U-235 6.90E-06
Np-237 2.33E-05 Ra-225 6.63E-12 U-236 9.64E-10
N -238 1.09Fr07 Ra-226 9.03E-14 U-237 2.91E-07
Np-239 1.11E-05 Ra-228 2.48E-20 U-238 1.60E-03
Pa-231 1.27E-08 Rh-106 1.27E-08 Y-90 1.79E+01
Pa-233
SUBTOTAL ^

2.33E-05
2.32E+O1'

Rn-219 7.42E-09
367E-02

I

Zr-93 I	 1.32E-03
, ^.3 60E+

.. 
01

sK^^As
rTOTAL IN EEV C 3.62E+04

TOTAL IN REV C SIGNIFICAMLYDIFFERENT -
ORIGINAL INPUT RESEARCHED - TOTAL CORRECTED
TO REFLECT ORIGINAL EXCEL TABLE
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CONFIRMATION OF TOTALS - TABLE D.7.1.3
RADIONUCLIDE 1WSS 2WSS 1ESS 2ESS 4ESS 3WDS 3EDS SEDS
Ac-225 7.43E-14 1.15E-13 2.60E-13 2.42E-13 4.89E-13
Ac-227 2.23E-10 1.71E-10 3.81E-10 1.67E-10 4.77E-11
Am-241 732E-05 3.80E-04 3.22E-04 1.05E-03 7.96E-04 6.83E-03 9.19E-03 6.13E-05
Am-242 1.15E-07 7.75E-07 8.10E-07 2.15E-06 1.49E-06
Am-242m 1.16E-07 7.79E-07 8.14E-07 2.16E-06 1.50E-06
Am-243 4.37E-08 3.13E-07 4.12E-07 1.25E-06 5.38E-07
Al-217 7.43E-14 1.15E-13 2.60E-13 2.42E-13 4.89E-13
Ba-137m 3.64E-02 1.51E-01 1.52E-01 1.36E-02 2.35E-02 2.10E+00 3.42E+00 4.79E-01
Bi-210 6.46E-16 4.65E-16 5.77E-16 7.56E-16 4.85E-16
Bi-211 2.23E-10 1.71E-10 3.81E-10 1.67E-10 4.77E-11
Bi-213 7.43E-14 1.15E-13 2.60E-13 2.42E-13 4.89E-13
Bi-214 2.62E-15 2.01E-15 2.24E-15 3.21E-15 2.72E-15
C-14 1.22E-05 1.96E-05 7.88E-05 2.31E-05 3.13E-05 4.63E-07 3.64E-04 6.44E-07
Cm-242 9.56E-08 6.43E-07 6.72E-07 1.78E-06 1.24E-06
Cm-244 1.39E-07 9.57E-07 2.16E-06 5.75E-06 1.24E-06
Cm-245 8.95E-12 6.98E-11 1.65E-10 4.41E-10 9.50E-11
Cs-135 8.90E-07 2.72E-06 2.27E-06 1.73E-07 3.67E-07
Cs-137 3.84E-02 1.60E-01 1.61E-01 1.44E-02 2.49E-02 2.10E+00 3.42E+00 4.79E-01
Eu-154	 - 2.51E-04 1.15E-02 6.55E-05
Fr-221 7.43E-14 1.15E-13 2.60E-13 2.42E-13 4.89E-13
Fr-223 3.08E-12 2.35E-12 5.25E-12 2.31E-12 6.58E-13
I-129 7.32E-08 1.76E-07 3.94E-07 6.43E-08 2.95E-08
Nb-93m 3.68E-06 2.71E-05 1.60E-05 4.36E-05 2.59E-04
Ni-59 6.84E-05 1.43E-04
Ni-63 2.94E-04 1.95E-03 2.28E-03 6.32E-03 1.88E-02
Np-237 3.56E-07 4.41E-07 2.13E-06 3.63E-08 7.72E-08 2.18E-07 7.05E-06 1.75E-08
NI -238 5.51E-10 3.71E-09 3.88E-09 1.03E-08 7.14E-09
Np-239 4.37E-08 3.13E-07 4.12E-07 1.25E-06 5.38E-07
Pa-231 4.14E-10 2.93E-10 6.57E-10 3.64E-10 I.10E-10
Pa-233 3.56E-07 4.41E-07 2.13E-06 3.63E-08 7.72E-08
Pa-234 1.18E-08 4.15E-09 1.12E-08 1.11E-08 4.55E-09
Pa-234m 7.40E-06 2.59E-06 7.02E-06 6.95E-06 2.84E-06
Pb-209 7.43E-14 1.15E-13 2.60E-13 2.42E-13 4.89E-13
Pb-210 6.46E-16 4.65E-16 5.77E-16 7.56E-16 4.85E-16
Pb-211 2.23E-10 1.71E-10 3.81E-10 1.67E-10 4.77E-11
Pb-214 2.62E-15 2.01E-1S 2.24E-15 3.21E-15 2.72E-15
Pd-107 3.89E-07 9.32E-07 2.13E-06 3.94E-07 1.68E-07
Po-210 6.46E-16 4.65E-16 5.77E-16 7.56E-16 4.85E-16
Po-211 6.09E-13 4.66E-13 1.04E-12 4.56E-13 1.30E-13
Po-213 7.27E-14 1.13E-13 2.54E-13 2.36E-13 4.78E-13
Po-214 2.62E-15 2.01E-15 2.24E-15 3.21E-15 2.72E-15
Po-215 2.23E-10 1.71E-10 3.81E-30 1.67E-10 4.77E-11
Po-218 2.62E-15 2.01E-15 2.24E-15 3.21E-15 2.72E-15
Pu-238 9.03E-06 1.19E-05 7.96E-06 2.14E-05 3.85E-05 6.04E-04 2.67E-05 2.40E-05
Pu 239 8.96E-05 1.44E-04 1.25E-04 521E-04 7.91E-04 1.23E-03 7.74E-04 1.57E-04
Pu-240 1.76E-05 3.17E-05 2.99E-05 1.33E-04 2.02E-04 4.38E-04 1.99E-04 4.42E-05
Pu-241 1.69E-04 2.55E-04 3.64E-04 1.42E-03 1.91E-03 1.06E-02 1.69E-03 1.27E-03
Pu-242 5.71E-13 3.84E-12 4.01E-121 1.06E-11 7.39E-12
Ra-223 2.23E-10 1.71E-10 3.81E-10 1.67E-10 4.77E-11
Ra-225 7.43E-14 1.15E-13 2.60E-13 2.42E-13 4.89E-13
Ra-226 2.62E-15 2.01E-15 2.24E-15 3.21E-15 2.72E-15
Rh-106 2.63E-12 6.79E-10 3.55E-09 1.05E-08 6.83E-08
Rn-219 2.23E-10 1.71E-10 3.81E-10 1.67E-10 4.77E-11
Rn-222 2.62E-15 2.01E-15 2.24E-15 3.21E-15 2.72E-15
Ru-106 2.63E-12 6.79E-10 3.55E-09 1.05E-08 6.83E-08
Sb-126 3.42E-07 9.33E-07 2.89E-07 1.50E-06 6.19E-06
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Sb-126m 2 .44E-06 6 . 66E-06 2.06E-06 1 .07E-05 4.42E-05
Se-79 4.18E-06 1.01E-05 2.24E-05 3.48E-06 1.64E-06
Sm-151 2 .69E-03 7 .37E-03 2 .36E-03 1 .09E-02 4.27E-02
Sn-126
Sr-90

2 .44E-06
6 .46E-02

6.66E-06
5.73E-0 1

2.06E-06
3.58E-0 1

1 .07E-05
5.27E-0 1

4.42E-05
3.27E+00 3.50E-02 1.72E+00 8.56E-03

TC-99 5.04E-05 1.21E-04 2.71E-04 4.23E-05 1.98E-05 2.10E-03 2.48E-03 1.97E-04
Th-227 2.20E-10 1.68E-10 3 .76E-10 1 .65E-10 4 .70E-11
Th-229 7.43E-14 1.15E-13 2.60E-13 2.42E-13 4.89E-13
Th-230 3.87E-13 3.15E-13 3.23E-13 4.86E-13 5.36E-13
Th-231 3.11E-07 1.17E-07 2.98E-07 3.02E-07 1.20E-07
Th-232 7.95E-22 1.43E-21 1.35E-21 6.02E-21 9.08E-21
Th-234 7.40E-06 2.59E-06 7.02E-06 6.95E-06 2.84E-06
TI-207 2.22E-10 1.70E-10 3.80E-10 1.67E-10 4.76E-11
7 1-209 1.60E-15 2.49E-15 5.61E-15 5.22E-15 1.06E-14
U-233 5.16E-11 7.02E-I1 2.54E-10 8.69E-I1 2.03E-10
U-234 2 . 11E-09 1 .84E-09 1 .86E-09 3.27E-09 4.34E-09
U-235 MIE-071 1.17E-07 2.98E-07 3.02E-07 1.20E-07
U-236 9.31E-121 1.67E-11 1.58E-11 7.04E-11 1.06E-10
U-237 4.13E-09 6.24E-09 8.92E-09 3.48E-08 4.68E-08
U-238

Y-90
7.40E-06
6.52E-02

2.59E-06
5 .80E-0 1

7.02E-06
3 .62E-0 1.

6.955-06
5.33E-0 1

2.84E-06
3 .30E+00 3 .50E-02 1 .72E+00 8.56E-03

Zr-93
..

11	 y	
,̂.

' 6Y9A^:4%4:.
TOTAL IN REV C

1 .95E-0
i6....	

YF^C4nY:FFiMa +a R..xv.Y..h`^P.vtl.WR v,J

3.
M
2
L0E-055

'` !MI` 'W'.Ôx00
11..,044iE

-05

hV'+F/`^MWM̀	 rcSNnQtO0.SJYR. NRf^AMir'HV

6 .06E-05 3.94E-04
ySx^^9 ^^^^pqyt]„^

6.69E+00

x /	 ^^}y

4.30E+00

.I.^N.i..,kFMd	 //^^'^dto pI
yt <.. T'vh`I.<h^:,0

CONFIRMATION OF TOTALS - TABLE D.7.1.4
RADIONUCLIDE INTERMEDIATE EXTENSIVE EX SITUAN SITU
Am-241 4.13E-02 7.78E-04 4.13E-02
Am-243 1.38E-05 2.49E-07 1.38E-05
Cm-244 4.98E-06 4.83E-06 4.98E-06
Cs-135 5.09E-06 9.71E-07 5.09E-06
Cs-137 1.27E+00 2.34E-01 1.27E+00
Ni-63 2 .76E-02 1.94E+00 2 .76E-02
Np-237 3.39E-05 1.98E-05 3.39E-05
Pu-238 3.29E-04 8.27E-05 3.29E-04
Pu-239 I 8.06E-03 2.01E-03 8.06E-03
Pu-240 2.01E-03 5 . 13E-04 2.01E-03
Pu-241 7. 10E-03 5 .73E-03 7.10E-03
Ra-226 7.63E-16
Rh-106 9.01E-09 1.07E-10 9.01E-09
Sm-151 3.29E-02 1.78E-03 3.29E-02
Sn-126 7.63E-04 1.77E-06 7.63E-04
Sr-90 4.56E+00 3.94E-02 4.56E+00
TC-99 1.27E-01 1.12E-03 1 1.27E-0 1
Th-230 I 2.44E-12 1.10E-13 2.44E-12
U-233 2.97E-09 5.50E-11 2.97E-09
U-234 5.19E-08 9.65E-10 5.19E-08
U-235 5.09E-06 9.37E-08 5.09E-06
U-238 1.17&04 2.18E-06 1.17E-04
Zr-93
Tutnl., . ': a 3;r&k^ ^:^:

1 .70E-05
2$ USEti;)1i!

2 .84E-02
?SF,F;OD - -S:$Fr,FtIRI

1.70E-05
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CONFIRMATION OF TOTALS - TABLE D.7.1.5
RADIONUCLIDE 1WSS 2WSS LESS 2ESS 4ESS 3WD5 13EDS SEDS
Ac-225 2.59E-12 6.35E-12 3.70E-12 6.60E-12 2.31E-12
Ac-227 2.99E-09 1.84E-09 4.01E-09 1.55E-09 1.57E-09
Am-241 8.37E-04 9.90E-03 1.51E-03 3.26E-03 1.02E-02 6.56E-01 1.49E-01 4.49E-03
Am-242 1.09E-06 1.74E-05 3.32E-06 5.22E-06 1.99E-05
Am-242m 1.10E-06 1.75E-05 3.34E-06 5.24E-06 2.00E-05
Am-243 5.57E-07 5.44E-06 1.85E-06 2.79E-06 1.12E-05
At-217 2.60E-12 6.35E-12 3.71E-12 6.60E-12 2.31E-12
Ba-137m 6.02E-01 1.83E+00 1.51E+00 5.66E-01 9.38E-01 3.63E+01 6.52E+01 3.05E+01
Bi-210 7.79E-15 1.66E-14 5.19E-15 1.34E-14 1.96E-14
Bi-211 2.99E-09 1.84E-09 4.01E-09 1.55E-09 1.57E-09
Bi-213 2.59E-12 6.36E-12 3.71E-12 6.60E-12 2.31E-12
Bi-214 3.30E-14 7.26E-14 2.02E-14 4.00E-14 4.49E-14
C-14 1.68E-04 1.84E-04 4.89E-04 1.06E-04 3.72E-04 4.63E-05 3.64E-04 4.61E-05
Cm-242 9.05E-07 1.44E-05 2.75E-06 4.33E-06 1.65E-05
Cm-244 2.85E-06 5.42E-06 1.42E-05 1.16E-05 5.68E-05
Cm-245 1.95E-10 3.93E-10 1.09E-09 8.86E-10 4.36E-09
Cs-135 1.98E-05 4.47E-05 2.60E-05 7.85E-06 1.16E-05
Cs-137 6.37E-01 1.93E+00 1.60E+00 5.98E-01 9.91E-01 2.61E+01 4.89E+01 2.93E+01
Eu-154	 - 3.48E-02 4.22E-01 9.05E-03
Fr-221 2.59E-12 6.35E-12 3.71E-12 6.59E-12 2.31E-12
Fr-223 4.12E-11 2.53E-11 5.54E-I1 2.14E-11 2.16E-11
1. 129 1.33E-06 1.61E-06 2.74E-06 3.93E-07 1.06E-06
Nb-93m 5.04E-05 1.11E-03 9.76E-05 3.15E-04 7.04E-03
Ni-63 9.00E-03 1.07E-01 2.35E-02 4.88E-02 3.32E-01
Np-237 6.06E-06 7.61E-06 1.71E-05 2.85E-06 1.82E-06 2.18E-05 7.24E-06 1.74E-06
N -238 7.03E-09 6.45E-08 1.74E-08 2.29E-08 1.49E-07
N 239 5.58E-07 5.45E-06 1.85E-06 2.79E-06 1.13E-05
Pa-231 4.68E-09 3.24E-09 6.16E-09 2.98E-09 3.32E-09
Pa-233 6.05E-06 7.61E-06 1.71E-05 2.86E-06 1.829-06
Pa-234 5.73E-08 9.11E-08 8.15E-08 1.46E-07 7.99E-08
Pa-234m 3.58E-05 5.69E-05 5.09E-05 9.13E-05 4.99E-05
Pb-209 2.60E-12 6.35E-12 3.71E-12 6.60E-12 2.31E-12
Pb-210 7.80E-15 1.66E-14 5.18E-15 1.34E-14 1.96E-14
Pb-211 2.99E-09 1.84E-09 4.01E-09 1.55E-09 1.57E-09
Pb-214 3.29E-14 7.27E-14 2.02E-14 4.00E-14 4.48E-14
Pd-107 6.98E-06 8.18E-06 1.42E-05 2.19E-06 6.20E-06
Po-210 7.77E-15 1.66E-14 5.18E-15 1.39E-14 2.04E-14
Po-211 7.31E-12 1.66E-11 9.34E-12 8.38E-12 5.49E-12
Po-213 2.54E-12 6.21E-12 3.62E-12 6.46E-12 2.27E-12
Po-214 3.29E-14 7.27E-14 2.02E-14 4.00E-14 4.48E-14
Po-215 2.99E-09 1.83E-09 4.01E-09 1.55E-09 1.57E-09
Po-218 3.291:x14 7.27E-14 2.02E-14 4.00E-14 4.49E-14
Pu-238 1.81E-04 5.06E-04 1.06E-04 2.56E-04 1.30E-03 6.22E-02 1.05E-04 2.47E-03
Pu-239 2.63E-03 5.77E-03 1.98E-03 5.23E-03 1.64E-02 1.20E-01 4.21E-02 1.51E-02
Pu-240 4.44E-04 1.27E-03 3.91E-04 1.27E-03 4.50E-03 4.31E-02 1.05E-02 4.26E-03
Pu-241 2.19E-03 9.68E-03 3.80E-03 1.03E-02 5.88E-02 1.29E+00 2.56E-02 1.54E-01
Pu-242 1.67E-11 1.54E-10 6.35E-11 1.07E-10 1.53E-10
Ra-223 2.99E-09 1.84E-09 4.01E-09 1.55E-09 1.57E-09
Ra-225 2.60E-12 6.35E-12 3.70E-121 6.61E-12 2.32E-12
Ra-226 3.29E-14 7.26E-14 2.02E-14 4.00E-14 4.48E-14
Rh-106 3.31E-11 2.45E-08 3.20E-08 1.31E-07 1.13E-06
Rn-219 2.80E-09 6.15E-09 3.43E-09 2.08E-09 7.86E-10
Rn-222 3.29E-14 7.26E-14 2.02E-14 4.00E-14 4.48E-14
Ru-106 1.40E-11 3.70E-08 1.71E-08 2.15E-08 6.25E-06
Sb-126 1.69E-06 4.54E-05 2.30E-06 8.29E-06

1.21E-05 3.24E-04 1.64E-05 5.92E-05 ON1.44FA3T31
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Se-79 7 .61E-05 9 . 12E-05 1 .56E-04 2 .20E-05 5.89E-05
Sm-151 1 .81E-02 3 .62E-0 1 2 . 19E-02 7 .97E-02 1 .36E+00
Sn-126 1 .21E-05 3 .25E-04 1 .64E-05 5 .92&05 1.44E-03
Sr-90 9.44E-0 1 3 .02E+01 3 .57E+00 3 .24E+00 1 .36E+02 1 .84E+00 3 .78E+01 8.96E-0 1
TO-99 9 . 18E-04 1 . 11E-03 1.89E-03 2 .67E-04 7 . 14E-04 2 . 11E-03 1.15E-02 1.22E-02
Th-227 2 .94E-09 1 .81E-09 3 .96E-09 1 .53E-09 1.55E-09
Th-229 2.59E-12 6 .35E-12 3 .69E-12 6 .60E-12 2 .33E-12
Th-230 5 .11E-12 1 .22E-I1 3 . 15E-12 7 .49E-12 7 .03E-12
Th-231 1.53E-06 2.70E-06 2.18E4X 3.87E-06 2.26E-06
lb-232 3 .90E-21 3 .29E-20 9 .88E-21 7 .69E-20 1 .71E-19
Th-234 3 .58E-05 5 .69E-05 5.09E-05 9.12E-05 4.99E-05
TI-207 2 .98E-09 1 .83E-09 4.00E-09 1 .55E-09 1 .57E-09
n-209 2.15E-14 2.68E-14 5.91E-14 4.85E-14 3.48E-13

U-233 1 .69E-09 3 .49E-09 2 .88E-09 2 .59E-09 1 .90E-09
U-234 2.91E-08 7.21E-08 1 .93E-08 3 .67E-08 1.10E-07
U-235 1 .53E-06 2 .70E-06 2 . 19E-06 3 .87E-06 2.26E-06
U-236 4 .57E-11 3 .85E-10 1.16E-101 9 .01E-10 2 .00E-09
U-237 2 .03E-08 1 .43E-07 6 .54E-08 4 .45E-07 8.81E-07
U-238 3 .58E-05 5 .69E-05 5.09E-05 9 . 13E-05 4.99E-05
Y•90 9 .52E-0 1 3 .05E+01 3 .61E+00 3 .28E+00 1 .37E+02 1 .84E+00 3.78E+01 8.96E-0 1
Zr-93	 -
a	 i	 w

TOTAL IN REV C

4.99E-05

RIME, t îlOd
1.71E-03

OE^^,

9 .02E-05

^;; '03H^-0I
1.04E+01

3 .53E-04
'7s83EYkIl4'-0 1'

1.45E-02
-.: r&^"M, ^6Z' 683E 0 "`̂ ^9f1 ^D2^' 6	 6^-
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F.11 Backup for Table 9-16

Table F-36. Total Cost by Utlii Qperatio t.

Mudge wuh	 $43	 $129	 16•	 $2	 $12	 $6	 $9	 S2o7

Cesium removal	 $380	 $276 ' $57	 $21	 $105	 $56	 $83	 SM

Centralized facil it ies 	5520	 $520
n

LLW vitri fication	 S130D	 $624	 $179•	 $69	 $332	 $176	 $264	 $2,934	 M

LLW disposal	 $16	 $9 	 $4	 $17	 $9	 $225	 $14	 $294
hl

w
	

IILW vitri fication	 ft,400	 $639	 $70	 $79	 $394	 $126	 5260	 (2,957	 tq

IILW transportation 	 331	
S!4	

R
HLW dispoul	 $239	 $5,619	 $5,Asa

Total
	 $3,643	 $1,716	 $322	 S17J	 SBE6	 5373	 $225	 $239	 $630	 $5,619•• $13,826

O

Notes:

Table values are in millions of 1995 dol iars.
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REP/PC (Ver 4.0) - MGMT REPORT 1 RANGE ESTIMATE : 02-27-96

DATA	 : Phased Implementation case 10B
MODEL : BASIC MODEL (SUMMATION)

NUM ELEMENT	 UNIT TARGET PROB+ LOW HIGH

1 Current Operations 8600 50 6880 10320
2 R&D Waste Ret. & Transfer 190.00 190.00 190.00
3 R&D Treatment 0 0 0
4 Capital Waste Ret. & Transfer 2280 50 1824 3876
5 Capital Treament 4483 40 3586 8966
6 Capital Closure 211.00 211.00 211.00
7 Operations Waste Ret. & Transfer 3990 5o 3192 6783
8 Operations Treatment 6954 50 5215 6955
9 M& M 0 0 0

10 Repository Fee 6500 95 3900 6501

TOTAL EXPENSE (INPUT TO REP/PC) 33208 24998 43802
(THEORETICALS)

+ PROBABILITY THAT ACTUAL VALUE WILT, BE EQUAL TO OR LESS THAN TARGET

6



28-

26-

24-

REP/PC (Ver 4.0) - MGMT REPORT 2 GRAPHICAL, OVERRUN PROFILE': 02-27-96
DATA : Phased Implementation case 10B
MODEL : BASIC MODEL (SUMMATION)

42-

B
0
T
T
O
M

L
z
N
E

40-I

38-
*
*
* *

**
***

**

34-	 ****

-----------------------*****--------- - ----- ------ -TARGET

****
32-

*
**

,t
30-

*

22- 
1X 11 000	 ---- i ---- I ---- i ---- i ---- i ---- i ---- + ---- I ---- i ----
.05 10 	20	 30	 40	 50	 60	 70	 80	 90 99.95

OVERRUN PROBABILITY (PERCENT)



REP/PC (Ver 4.0) - MGMT REPORT 3 GRAPHICAL PRIORITY PROFILE : 02-27-96

DATA : Phased Implementation case 10B
MODEL : BASIC MODEL (SUMMATION)

TOTAL	 PROB OF	 NET EFFECT OF

	

EXPENSE OVERRUN	 FROZEN ELEMENTS

33208	 52 PCT	 0 =	 .0 PCT

NUM ELEMENT	 UNIT	 CORRECT	 PROTECT

5 Capital Treament
10 Repository Fee
7 Operations Waste Ret. & Transfer
1 Current Operations
4 Capital Waste Ret. & Transfer
8 Operations Treatment
NET EFFECT OF FROZEN ELEMENTS

++++++++++++

N



REP/PC (Ver 4.0) - MGMT REPORT 4 	 CONTINGENCY PROFILE 02-27-96

DATA : Phased Implementation case 1OB
MODEL : BASIC MODEL (SUMMATION)

TO BE THISCONFIDENT OF	 ADD THIS CONTINGENCY
NOT HAVING COST OVERRUN	 ABSOLUTE	 RELATIVE'

	

100	 PCT	 10594	 31.9 PCT

	

99.95 "	 6308	 19.0

	

95	 of
	 3734	 11.2

	

90	 it	 2865	 8.6

	

85	 "	 2383	 7.2

	

80	 "	 1958	 5.9 "

	

75	 it	 1567	 4.7 "

	

70	 "	 1254	 3.8 "

	

65	 of
	 921	 2.8	 It

	60	 it	 646	 2.0

	

55	 It
	 1.1	 if

	50	 it	 77	 .2	 it

	

45	 it
	 -132	 -.4

	40	 41
	 —1.1

	

35	 It
	 —1.9	 of

	30	 11	 —886	 .-2.7 It

	25	 It 	 -3.3

	

20	 It 	 -4.2

	

15	 °	 -1745	 -5.2

	

10	 "	 -2210	 -6.7

	

5	 "	 -2902	 -8.7 if

	0.05 It	 -5850	 -17.6

	

0	 If	 -8210	 -24.7

(ABOVE RESULTS DERIVED FROM 1000 SIMULATIONS)

e
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Sheetl

NO ACTION ALTERNATIVE

Mispositioned Jumper (spray release 207 psi)
1.10E-02 per year x 1.00E+01 years = 1.10E-01 probability

dose LCF/rem LCF probability LCF risk
receptor personrem point esti
W 1.40E+03 8.00E-04 1.12E+00 1.10E-01 1.23E-01
MEI-W 1.40E+02 8.00E-04 1.12E-01 1.10E-01 1.23E-02
N 2.50E+03 4.00E-04 1.00E+00 1.10E-01 1.10E-01 2.67E-01
MEI-N 6.70E+01 8.00E-04 5.36E-02 1.10E-01 5.90E-03
P 6.20E+02 5.00E-04 3.10E-01 1.10E-01 3.41E-02
MEI-P 2.90E-01 5.00E-04 1.45E-04 1.10E-01 1.60E-05

total LCF 2.43E+00

Hydrogen burn in waste tank
9.00E-07 per year x 1.00E+02 years x 2.50E+01 tanks = 2.25E-03 probability

dose LCF/rem LCF probability LCF risk
receptor personrem point esti
W 2.18E+05 n/a n/a 2.25E-03 2.25E-03
MEI-W 2.18E+04 n/a n/a 2.25E-03 2.25E-03
N 2.45E+04 4.00E-04 9.80E+00 2.25E-03 2.21 E-02
MEI-N 1.74E+03 n/a n/a 2.25E-03 2.25E-03
P	 I 3.70E+03 5.00E-04 1.85E+00 2.25E-03 4.16E-03
MEI=P	 I 4.23E+00 5.00E-04 2.12E-03 2.25E-03 4.76E-06

total LCF	 I 2.17E+01

Page 1



Sheet2

LONG TERM MANAGEMENT ALTERNATIVE

Mispositioned Jumper (spray release 207 psi)
1.10E-02 peryearx 2.00E+01 years = 2.20E-01 probability

dose LCF/rem LCF probability LCF risk
receptor personrem point esti
W 1.40E+03 8.00E-04 1.12E+00 2.20E-01 2.46E-01
MEI-W 1.40E+02 8.00E-04 1.12E-01 2.20E-01 2.46E-02
N 2.50E+03 4.00E-04 1.00E+00 2.20E-01 2.20E-01 5.35E-01
MEI-N 6.70E+01 8.00E-04 5.36E-02 2.20E-01 1.18E-02
P 6.20E+02 5.00E-04 3.10E-01 2.20E-01 6.82E-02
MEI-P 2.90E-01 5.00E-04 1.45E-04 2.20E-01 3.19E-05

total LCF 2.43E+00

Hydrogen burn in waste tank
9.00E-07 per year x I 1.00E+02 years x 2.50E+01 tanks = 2.25E-03 probability

dose LCF/rem LCF probability LCF risk
receptor personrem point esti
W 2.18E+05 n/a n/a 2.25E-03 2.25E-03
MEI-W 2.18E+04 n/a n/a 2.25E-03 2.25E-03
N 2.45E+04 4.00E-04 9.80E+00 2.25E-03 2.21E-02
MEI-N 1.74E+03 n/a n/a 2.25E-03 2.25E-03
P 3.70E+03 5.00E-04 1.85E+00 2.25E-03 4.16E-03
MEI-P 4.23E+00 5.00E-04 2.12E-03 2.25E-03 4.76E-06

totallcf	 I 2.17E+01

Page 2
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INSITU FILL AND CAP ALTERNATIVE

Mispositioned Jumper (spray release 207 psi)
1.10E-02 per year x 1.50E+01 years = 1.65E-01 probability

dose LCF/rem LCF probability LCF risk
receptor personrem point esti
W 1.40E+03 8.00E-04 1.12E+00 1.65E-01 1.85E-01
MEI-W 1.40E+02 8.00E-04 1.12E-01 1.65E-01 1.85E-02
N 2.50E+03 4.00E-04 1.00E+00 1.65E-01 1.65E-01 4.01E-01
MEI-N 6.70E+01 8.00E-04 5.36E-02 1.65E-01 8.84E-03
P 6.2E+002 045.00E-0E3.1	 -01 1.65E-01 5.12E-02
MEI-P 2.90E-01 5.00E-04 1.45E-04 1.65E-01 2.39E-05

total icf 2.43E+00

Tank Dome Collapse Due To Hydrogen Deflagration
1.00E-04 probability

dose LCF/rem LCF probability LCF risk
receptor personrem point esti
W 6.20E+04 n/a n/a 1.00E-04 1.00E-04
MEI-W 6.20E+03 n/a n/a 1.00E-04 1.00E-04
N 2.30E+04 4.00E-04 9.20E+00 1.00E-04 9.20E-04
MEI-N 1.50E+03 n/a n/a 1.00E-04 1.00E-04
P 3.70E+03 5.00E-04 1.85E+00 1.00E-04 1.85E-04
MEI-P 3.90E+00 5.00E-04 1.95E-03 1.00E-04 1.95E-07

totallcf 2.11E+01
Hydrogen burn in waste tank

9.00E-07 per year x 1.90E+01 years x 2.50E+01 tanks = 4.28E-04 probability
dose LCF/rem LCF probability LCF risk

receptor personrem point esti
W 2.18E+05 n/a n/a 4.28E-04 4.28E-04
MEI-W 2.18E+04 n/a n/a 4.28E-04 4.28E-04
N 2.45E+04 4.00E-04 9.80E+00 4.28E-04 4.19E-03
MEI-N 1.74E+03 n/a n/a 4.28E-04 4.28E-04
P 3.70E+03 5.00E-04 1.85E+00 4.28E-04 7.91E-04
MEI-P 4.23E+00 5.00E-04 2.12E-03 4.28E-04 9.04E-07

total icf 2.17E+01

Page 3
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IN SITU VITRIFICATION ALTERNATIVE

Mispositioned Jumper (spray release 207 psi)
1.10E-02 peryearx 1.50E+01 years = 1.65E-01 probability

dose LCF/rem LCF probability LCF risk
receptor personrem point esti
W 1.40E+03 8.00E-04 1.12E+00 1.65E-01 1.85E-01
MEI-W 1.40E+02 8.00E-04 1.12E-01 1.65E-01 1.85E-02
N 2.50E+03 4.00E-04 1.00E+00 1.65E-01 1.65E-01 4.01E-01
MEI-N 6.70E+01 8.00E-04 5.36E-02 1.65E-01 8.84E-03
P 6.20E+02 5.00E-04 3.10E-01 1.65E-01 5.12E-02
MEI-P 2.90E-01 5.00E-04 1.45E-04 1.65E-01 2.39E-05

total icf 2.43E+00

• Off-Gas Duct Rupture
7.00E-04 per year x 9.00E+00 years = 6.30E-03 probability

dose LCF/rem LCF probability LCF risk
receptor personrem point esti
W 2.50E+04 n/a n/a 6.30E-03 6.30E-03
MEI-W 2.50E+03 n/a n/a 6.30E-03 6.30E-03 2.68E-01
N 4.50E+04 8.00E-04 3.60E+01 6.30E-03 2.27E-01
MEI-N 1.20E+03 n/a n/a 6.30E-03 6.30E-03
P 1.10E+04 5.00E-04 5.50E+00 6.30E-03 3.47E-02
MEI-P 5.20E+00 5.00E-04 2.60E-03 6.30E-03 1.64E-05

total LCF 5.15E+01
Hydrogen burn in waste tank

9.00E-07 per year x 1.90E+01 years x 2.50E+01 tanks = 4.28E-04
dose LCF/rem LCF probability LCF risk

receptor personrem point esti
W 2.18E+05 n/a n/a 4.28E-04 4.28E-04
MEI-W 2.18E+04 n/a n/a 4.28E-04 4.28E-04
N 2.45E+04 4.00E-04 9.80E+00 4.28E-04 4.19E-03
MEI-N 1.74E+03 n/a n/a 4.28E-04 4.28E-04
P 3.70E+03 5.00E-04 1.85E+00 4.28E-04 7.91E-04
MEI-P 4.23E+00 5.00E-04 2.12E-03 4.28E-04 9.04E-07

totallcf 2.17E+01
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EX SITU INTERMEDIATE SEPARATIONS ALTERNATIVE

Mispositioned Jumper spray release 207 psi)
1.10E-02 per earx 2.30E+01 years = 2.53E-01 1probability

dose LCF/rem JLCF probability I LCF risk
receptor personrem point esti
W 1.40E+03 8.00E-04 1.12E+00 2.53E-01 2.83E-01
MEI-W 1.40E+02 8.00E-04 1.12E-01 2.53E-01 2.83E-02 6.15E-01
N 2.50E+03 4.00E-04 1.00E+00 2.53E-01 2.53E-01
MEI-N 6.70E+01 8.00E-04 5.36E-02 2.53E-01 1.36E-02
P 6.20E+02 5.00E-04 3.10E-01 2.53E-01 7.84E-02
MEI-P 2.90E-01 5.00E-04 1.45E-04 2.53E-01 3.67E-05

totallcf 2.43E+00

Loss of Filtration (HEPA filter blowout)
8.80E-06 per year x I 2.30E+01 years x 2.50E+01 tanks = 5.06E-03 probability

dose LCF/rem LCF probability LCF risk
receptor personreml point esti
W 3.70E+04 n/a n/a 5.06E-03 5.06E-03
MEI-W 3.70E+03 n/a n/a 5.06E-03 5.06E-03
N 1.04E+03 4.00E-04 4.16E-01 5.06E-03 2.10E-03
MEI-N 2.42E+01 8.00E-04 1.94E-02 5.06E-03 9.80E-05
P 1.56E+02 5.00E-04 7.80E-02 5.06E-03 3.95E-04
MEW 1.04E-01 5.00E-04 5.20E-05 5.06E-03 2.63E-07

total lcf i 1.05E+01
Seismic Induced Line Break in Vault

6.00E-05 per year x 2.00E+01 years = 1.20E-03 probability
dose LCF/rem LCF probability LCF risk

receptor personrem point esti
W 3.40E+01 4.00E-04 1.36E-02 1.20E-03 1.63E-05
MEI-W 3.40E+00 4.00E-04 1.36E-03 1.20E-03 1.63E-06
N 7.10E+00 4.00E-04 2.84E-03 1.20E-03 3.41E-06
MEI-N 2.90E-01 4.00E-04 1.16E-04 120E-03 1.39E-07
P 2.70E+00 5.00E-04 1.35E-03 1.20E-03 1.62E-06
MEI-P 4.50E-04 5.00E-04 225E-07 1.20E-03 2.70E-10

total lef	 I 1.78E-02
Breached Canister

6.00E-01 per year x 2.00E+01 years = 1.20E+01 probability
dose LCF/rem JLCF probability LCF risk

receptor personrem I point esti
W 1.45E-04 4.00E-04 5.80E-08 1.00E+00 5.80E-08
MEI-1 1.45E-05 4.00E-04 5.80E-09 1.00E+00 5.80E-09
N 5.80E-08 4.00E-04 2.32E-11 1.00E+00 2.32E-11
MEI-N 4.00E-09 4.00E-04 1.60E-12 1.00E+00 1.60E-12
P 1.50E-08 5.00E-04 7.50E-12 1.00E+00 7.50E-12
MEI-P 2.40E-12 5.00E-04 1.20E-15 1.00E+00 1.20E-15

total Id 5.80E-08
Hydrogen bum in waste tank

9.00E-07 per year  2.30E+01 years = 2.07E-05 probability
dose LCF/rem JLCF probability LCF risk

receptor personrem point esti
W 2.18E+05 n/a n/a 2.07E-05 2.07E-05
MEI-W 2.18E+04 n/a n/a 2.07E-05 2.07E-05
N 2.45E+04 4.00E-04 9.80E+00 2.07E-05 2.03E-04
MEI-N 1.74E+03 n/a n/a 2.07E-05 2.07E-05
P 3.70E+03 5.00E-04 1.85E+00 2.07E-05 3.83E-05
MEI-P 4.23E+00 5.00E-04 2.12E-03 2.07E-05 4.38E-08

totallcf 2.17E+01
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EX SITU NO SEPARATIONS ALTERNATIVE

Mispositioned Jumper (spray release 207 psi)
1.10E-02 per year x 1.80E+01 years = 1.98E-01 probability

dose LCF/rem LCF probability LCF risk
receptor personrem point esti
W 1.40E+03 8.00E-04 1.12E+00 1.98E-01 2.22E-01
MEI-W 1.40E+02 8.00E-04 1.12E-01 1.98E-01 2.22E-02
N 2.50E+03 4.00E-04 1.00E+00 1.98E-01 1.98E-01 4.81E-01
MEI-N 6.70E+01 8.00E-04 5.36E-02 1.98E-01 1.06E-02
P 6.20E+02 5.00E-04 3.10E-01 1.98E-01 6.14E-02
MEI-P 2.90E-01 5.00E-04 1.45E-04 1.98E-01 2.87E-05

totallcf 2.43E+00

Loss of Filtration (HEPA filter blowout)
8.80E-06 per year x 1.80E+01 years = 1.58E-04 probability

dose LCF/rem LCF probability LCF risk
receptor personrem point esti
W 3.70E+04 n/a n/a 1.58E-04 1.58E-04
MEI-W 3.70E+03 n/a n/a 1.58E-04 1.58E-04
N 1.04E+03 4.00E-04 4.16E-01 1.58E-04 6.59E-05
MEI-N 2.42E+01 I 8.00E-04 1.94E-02 1.58E-04 3.07E-06
P 1.56E+02 5.00E-04 7.80E-02 1.58E-04 1.24E-05
MEI-P 1.04E-01 5.00E-04 5.20E-05 1.58E-04 8.24E-09

totallcf 1.05E+01
Breached Canister

6.00E-01 per year x 1.50E+01 years = 9.00E+00 probability
dose LCF/rem LCF probability LCF risk

receptor personrem point esti
W 1.45E-04 4.00E-04 5.80E-08 1.00E+00 5.80E-08
MEI-W 1.45E-05 4.00E-04 5.80E-09 1.00E+00 5.80E-09
N 5.80E-08 4.00E-04 2.32E-11 1.00E+00 2.32E-11
MEI-N 4.00E-09 4.00E-04 1.60E-12 1.00E+00 1.60E-12
P 1.50E-08 5.00E-04 7.50E-12 1.00E+00 7.50E-12
MEI-P 2.40E-12 5.00E-04 1.20E-15 1.00E+00 1.20E-15

totallcf 5.80E-08
Hydrogen burn in waste tank

9.00E-07 per year x I 1.80E+01 years x 2.50E+01 tanks = 4.05E-04 probability
dose LCF/rem LCF probability LCF risk

receptor personrem point esti
W 2.18E+05 n/a n/a 4.05E-04 4.05E-04
MEI-W 2.18E+04 n/a n/a 4.05E-04 4.05E-04
N 2.45E+04 4.00E-04 9.80E+00 4.05E-04 3.97E-03
MEI-N 1.74E+03 n/a n/a 4.05E-04 4.05E-04
P 3.70E+03 5.00E-04 1.85E+00 4.05E-04 7.49E-04
MEI-P 4.23E+001 5.00E-04 2.12E-03 4.05E-04 8.57E-07

totallcf 2.17E+01
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EX SITU EXTENSIVE SEPARATIONS ALTERNATIVE

Mispositioned Jumper (spray release 207 psi)
1.10E-02 per year x 2.30E+01 years = 2.53E-01 probability

dose LCF/rem jLCF probability LCF risk
receptor personrem point esti
W 1.40E+03 8.00E-04 1.12E+00 2.53E-01 2.83E-01
MEI-W 1.40E+02 8.00E-04 1.12E-01 2.53E-01 2.83E-02
N 2.50E+03 4.00E-04 1.00E+00 2.53E-01 2.53E-01 I 6.15E-01
MEI-N 6.70E+01 8.00E-04 5.36E-02 2.53E-01 1.36E-02
P 6.20E+02 5.00E-04 3.10E-01 2.53E-01 7.84E-02
MEI-P 2.90E-01 5.00E-04 1.45E-04 2.53E-01 3.67E-05

totalld 2.43E+00

Loss of Filtration (HEPA filter blowout)
8.80E-06 per year x 2.30E+01 years = 2.02E-041probability

dose	 • LCF/rem LCF probability jLCF risk
receptor personrem point esti
W 3.70E+04 We Na 2.02E-04 2.02E-04
MEI-W 3.70E+03 n/a Na 2.02E-04 2.02E-04
N 1.04E+03 4.00E-04 4.16E-01 2.02E-04 8.42E-05
MEI-N 2.42E+01 8.00E-04 1.94E-02 2.02E-04 3.92E-06
P 1.56E+02 5.00E-04 7.80E-02 2.02E-04 1.58E-05
MEI-P 1.04E-01 I 5.00E-04 5.20E-05 2.02E-04 1.05E-08

total lcf I 1.05E+01
Seismic Induced Line Break in Vault

6.00E-05 per year x 2.00E+01 1years = 1.20E-03 probability
dose LCF/rem jLCF probability LCF risk

receptor personrem point esti
W 3.40E+01 4.00E-04 1.36E-02 1.20E-03 1.63E-05
MEI-W 3.40E+00 4.00E-04 1.36E-03 1.20E-03 1.63E-06
N 7.10E+00 4.00E-04 2.84E-03 1.20E-03 3.41E-06
MEI-N 2.90E-01 4.00E-04 1.16E-04 120E-03 1.39E-07
P 2.70E+00 5.00E-04 1.35E-03 1.20E-03 1.62E-06
MEI-P 4.50E-04 5.00E-04 2.25E-07 1.20E-03 2.70E-10

total [of 1.78E-02
Breached Canister

6.00E-01 per earx 2.00E+01 years = 120E+01 probability
dose LCF/rem LCF probability LCF risk

receptor personrem point esti
W 1.45E-04 4.00E-04 5.80E-08 1.00E+00 5.80E-08
MEI-W 1.45E-05 4.00E-04 5.80E-09 1.00E+00 5.80E-09
N 5.80E-08 4.00E-04 2.32E-11 1.00E+00 2.32E-11
MEI-N 4.00E-09 4.00E-04 1.60E-12 1.00E+00 1.60E-12
P 1.50E-08 5.00E-04 7.50E-12 1.00E+00 7.50E-12
MEI-P 1.20E-15 1.00E+00 1.20E-152.40E-1215.00E-04

to 	 lcf 5.80E-08
Hydrogen bum in waste tank

9.00E-07 per year x 2.30E+01 years x 2.50E+01 tanks = 5.18E-04 probability
dose LCF/rem LCF probability LCF risk

receptor personrem point esti
W 2.18E+05 Na n/a 5.18E-04 5.18E-04
MEI-W 2.16E+04 Na Na 5.18E-04 5.18E-04
N 2.45E+04 4.00E-04 9.80E+00 5.18E-04 5.07E-03
MEI-N 1.74E+03 Na n/a 5.18E-04 5.18E-04
P 3.70E+03 5.00E-04 1.85E+00 5.18E-04 9.57E-04
MEW 4.23E+00 5.00E-04 2.12E-03 5.18E-04 1.09E-06

total icf 2.17E+01
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EX SITU/ IN SITU COMBINATION

Mispositioned Jumper (spray release 207 psi)
1.10E-02 2.30E+01 years = 2.53E-01 probability

LCF/rem LCF probability LCF risk
receptor point esti
W 3 8.00E-04 1.12E+00 2.53E-01 2.83E-01
MEI-W 2 8.00E-04 1.12E-01 2.53E-01 2.83E-02 6.15E-01

N 3 4.00E-04 1.00E+00 2.53E-01 2.53E-01
MEI-N 1

16.20E+02
8.00E-04 5.36E-02 2.53E-01 1.36E-02

P  5.00E-04 3.10E-01 2.53E-01 7.84E-02
MEI -P 1 5.00E-04 1.45E-04 2.53E-01 3.67E-05

totalld 2.43E+00

Loss of Filtration (HEPA filter blowout)
8.80E-06 per year x I 2.30E+01 years = 2.02E-04 probability

dose	 • LCF/rem LCF probability LCF risk
receptor personrem point esti
W 3.70E+04 n/a n/a 2.02E-04 2.02E-04
MEI-W 3.70E+03 n/a r1a 2.02E-04 2.02E-04
N 1.04E+03 4.00E-04 4.16E-01 2.02E-04 8.42E-05
MEI-N 2.42E+01 8.00E-04 1.94E-02 2.02E-04 3.92E-06
P 1.56E+02 5.00E-04 7.80E-02 2.02E-04 1.58E-05
MEI-P 1.04E-01 5.00E-04 5.20E-05 2.02E-04 1.05E-08

totallcf 1.05E+01
Seismic Induced Line Break in Vault

6.00E-05 per year x 2.00E+01 1years = 1.20E-03 probability
dose LCF/rem	 jLCF probability LCF risk

receptor personrem I point esti
W 3.40E+01 4.00E-04 1.36E-02 1.20E-03 1.63E-05
MEI-W 3.40E+00 4.00E-04 1.36E-03 1.20E-03 1.63E-06
N 7.10E+00 4.00E-04 2.84E-03 1.20E-03 3.41E-06
MEI-N 2.90E-01 4.00E-04 1.16E-04 1.20E-03 1.39E-07
P 2.70E+00 5.00E-04 1.35E-03 1.20E-03 1.62E-06
MEI-P 4.50E-04 5.00E-04 2.25E-07 1.20E-03 2.70E-10

total [of 1.78E-02
Breached Canister

6.00E-01 per yearx I 2.00E+01 years = 1.20E+01 probabili ty
dose LCF/rem LCF p ro

bability LCF risk
receptor personrem point esti
W 1.45E-04 4.00E-04 5.80E-08 1.00E+00 5.80E-08
MEI-W 1.45E-05 4.00E-04 5.80E-09 1.00E+00 5.80E-09
N 5.80E-08 4.00E-04 2.32E-11 1,00E+00 2.32E-11
MEI-N 4.00E-09 4.00E-04 1.60E-12 1.00E+00 1.60E-12
P 1.50E-08 5.00E-04 7.50E-12 1.00E+00 7.50E-12
MEI-P 2.40E-12 5.00E-04 1.20E-15 1.00E+00 1.20E-15

totallcf	 I 5.60E-08
Hydrogen bum in waste tank

9.00E-07 per year x 2.30E+0t ears x 2.50E+01 tanks = 5.18E-04 probabili ty
dose LCF/rem LCF probability,LCF risk

receptor pe rsonrem point esti
W 2.18E+05 n/a n1a 5.18E-04 5.18E-04
MEI-W 2.18E+04 n/a n/a 5.18E-04 5.18E-04
N 2.45E+04 4.00E-04 9.80E+00 5.18E-04 5.07E-03
MEI-N 1.74E+03 n/a n/a 5.18E-04 5.18E-04
P 3.70E+03 5.00E-04 1.85E+00 5.18E-04 9.57E-04
MEI-P 4.23E+00 5.00E-04 2.12E-03 5.18E-04 1.09E-06

total lcf 2.17E+01
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PHASED IMPLEMENTATION ALTERNATIVE - PHASE 1

Mispositioned Jumper (spray release 207psi)
1.10E-02 per year x 1.00E+01 years = 1.10E-01 1probability

dose LCF/rem LCF probability LCF risk
receptor personrem point esti
W 1.40E+03 8.00E-04 1.12E+00 1.10E-01 1.23E-01
MEI-W 1.40E+02 8.00E-04 1.12E-01 1.10E-01 1.23E-02
N 2.50E+03 4.00E-04 1.00E+00 1.10E-01 1.10E-01 I 2.67E-01
MEI-N 6.70E+01 8.00E-04 5.36E-02 1.10E-01 5.90E-03
P 6.20E+02 5.00E-04 3.10E-01 1.10E-01 3.41E-02
MEI-P 2.90E-01 5.00E-04 1.45E-04 1.10E-01 1.60E-05

total Id 2.43E+00

Seismic Induced Line Break in Vault
6.00E-05 peryearx 1.00E+01 ears = 6.00E-04 probability

dose LCF/rem jLCF probability LCF risk
receptor personrem I point esti
W 3.40E+01 4.00E-04 1.36E-02 6.00E-04 8.16E-06
MEI-W 3.40E+00 4.00E-04 1.36E-03 6.00E-04 8.16E-07
N 7.10E+00 4.00E-04 2.84E-03 6.00E-04 1.70E-06
MEI-N 2.90E-01 4.00E-04 1.16E-04 6.00E-04 6.96E-08
P 2.70E+00 5.00E-04 1.35E-03 6.00E-04 8.10E-07
MEI-P 4.50E-04 5.00E-04 2.25E-07 6.00E-04 1.35E-10

total ld 1.78E-02
Breached Canister

1.00E-02 per yearx 1.00E+01 years = 1.00E-01 probability
dose	 I LCF/rem LCF probability,LCIF risk

receptor personrem 1pointesti
W 0.00E+00 4.00E-04 0.00E+00 1.00E-01 0.00E+00
MEI-W 0.00E+00 4.00E-04 0.00E+00 1.00E-01 0.00E+00
N 2.30E-04 4.00E-04 9.20E-08 1.00E-01 9.20E-09
MEI-N 2.70E-05 4.00E-04 1.08E-08 1.00E-01 1.08E-09
P 5.80E-05 5.00E-04 2.90E-08 1.00E-01 2.90E-09
MEW 1.80E-08 5.00E-04 9.00E-12 1.00E-01 9.00E-13

lotalld 1.21E-07
Hydrogen burn in waste tank

9.00E-07 per earx 1.00E+01 years x 2.50E+01 tanks= 2.25E-04 probability
dose LCF/rem LCF probability LCF risk

receptor personrem point esti
W 2.18E+05 n/a We 2.25E-04 2.25E-04
MEI-W 2.18E+04 n/a n/a 2.25E-04 2.25E-04
N 2.45E+04 4.00E-04 9.80E+00 2.25E-04 2.21E-03
MEIN 1.74E+03 n/a n/a 2.25E-04 2.25E-04
P 3.70E+03 5.00E-04 1.85E+00 2.25E-04 4.16E-04
MEI-P 4.23E+00 5.00E-04 2.12E-03 2.25E-04 4.76E-07

total ld 2.17E+01

Page 9



Sheet9

PHASED IMPLEMENTATION ALTERNATIVE -TOTAL ALTERNA

Mispositioned Jumper spray release 207 psi)
1.10E-02 peryearx 2.20E+01 years = probability

dose LCF/rem LCF probability LCF risk
receptor personrem point esti
W 1.40E+03 6.00E-04 1.12E+00 1 2.71E-01
MEI-W 1.40E+02 8.00E-04 1.12E-01 t

92.42E-01

2.71E-02 5.68E-01
N 2.50E+03 4.00E-04 1.00E+00 1 2.42E-01
MEI-N 6.70E+01 8.00E-04 5.36E-02 1 1.30E-02
P 6.20E+02 5.00E-04 3.10E-01 1 7.50E-02
MEI-P 2.90E-01 S.ODE-04 1.45E-04 . 3.51E-05

totallcf 2.43E+00

Loss of Filtration (HEPA filter blowout)
8.80E-06 per year x 2.20E+01 years = 1.94E-04 probability

dose	 . LCF/rem jLCF probability LCF risk
receptor personrem point esti
W 3.70E+04 We n/a 1.94E-04 1.94E-04
MEI-W 3.70E+03 n/a n/a 1.94E-04 1.94E-04
N 1.04E+03 4.00E-04 4.16E-01 1.94E-04 8.05E-05
MEI-N 2.42E+01 8.00E-04 1.94E-02 1.94E-04 3.75E-06
P 1.56E+02 5.00E-04 7.80E-02 1.94E-04 1.51E-05
MEI-P 1.04E-01 5.00E-04 5.20E-05 1.94E-04 1.01E-08

totallcf 1.05E+01
Seismic Induced Line Break in Vault

6.00E-05 per yearx 2.60E+01 years = 1.56E-03 2robability
dose LCF/rem LCF probability LCF risk

receptor personrem point esti
W 3.40E+01 I 4.00E-04 1.36E-02 1.56E-03 2.12E-05
MEW 3.40E+00 4.00E-04 1.36E-03 1.56E-03 2.12E-06
N 7.10E+00 4.00E-04 2.84E-03 1.56E-03 4.43E-06
MEI-N 2.90E-01 4.00E-04 1.16E-04 1.56E-03 1.81E-07
P 2.70E+00 5.00E-04 1.35E-03 1.56E-03 2.11E-06
MEI-P 4.50E-04 5.00E-04 2.25E-07 1.56E-03 3.51E-10

totallcF 1.78E-02
Breached Canister

6.00E-01 per earx 2.60E+01 ears = 1.56E+01 probability
dose LCF/rem LCF probability LCF risk

receptor personrem point esti
W 1.45E-04 4.00E-04 5.80E-08 1.00E+00 5.80E-08
MEI-W 1.45E-05 4.00E-04 5.80E-09 1.00E+00 5.80E-09
N 5.60E-08 4.00E4).1 2.32E-11 1.00E+00 2.32E-11
MEI-N 4.00E-09 4.00E-04 1.60E-12 1.00E+00 1.60E-12
P 1.50E-08 5.00E-04 7.50E-12 1.00E+00 7.50E-12
MEI-P 2.40E-12 5.00E-04 1.20E-15 1.00E+00 1.20E-15

totallof 5.80E-08
Hydrogen bum in was tank

9.00E-07 per year x 2.20E+01 years x 2.50E+01 tanks = 4.95E-04 probability
dose LCF/rem LCF probability LCF risk

receptor personrem point esti
W 2.18E+05 n/a n/a 4.95E-04 4.95E-04
MEI-W 2.18E+04 n/a n/a 4.95E-04 4.95E-04
N 2.45E+04 4.00E-04 9.80E+00 4.95E-04 4.85E-03
MEI-N 1.74E+03 n/a n/a 4.95E-04 4.95E-04
P 3.70E+03 5.00E-04 1.85E+00 4.95E-04 9.16E-04
MEI-P 4.23E+00 5.00E-04 2.12E-03 1 4.95E-04 1.05E-06

totallcf 2.17E+01
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OBJECTIVE Show LCFs from Radiological accidents Using RADTRAN 4 for the
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ASSUMPTIONS See attachment
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Batteue^;.. Pacific NQCft"r. Labwvariaa
^ 3atCeiie 3aulavard

^• P.O. Sax 999.
fliebland, W^stYnpmn 99352

DATE:	 February 9, 1996

FACSID41LE TR4NSINIMAL

To: Mike Harker

Company: Jacobs Engineering

City/State:

Facsimile #: 736-7504

Telephone #: 736-0616

From: Phil Dating

Facsimile #: 372-4378

Telephone #: 372-4239

Transmittal Consists of [ 2 ] Fage(s) including corer page.
.v ... f-..	 r	 ..^.	 ft

COMMENTS.

Mike

Here are the revised impact results for the calcination alternative (changed number of
cask-loads from 27,100 to 41,500). The revised numbers you will need include the
routine worker and public doses and accident risks, both in person-rem and LCFs, and the
revised probability of the maximum credible accident in an urban area. These values are
in BOLD in the attached spreadsheet. Cali me if you have any questions.

Phil

PS ) just checked TRANSNET again and they are still down. The a ttached table was
created by multiplying the previous results by the ratio of the new number of
shipments to the old number of shipments. I will run the revised case when
TRANSNET is available, hopefully some time today.

EA-1950.231 W91)



Calcine REV

Revised Calcination Altemative Impacts 211M

a stem down on 2/9196 so RADTRAN runs not possibleRatio meth' used as_ approxl^ NSNET

-NO SEPARATIONS CALCINATION

ROUTINE EXPOSURES ACCIDENTS
EXpallUreS Hea!lh Effects Latent Conn Exposurep Conv. Latent -

Meteda) Mrket Puhllc Conyersbn ' ftrkiir PAk Public Factor S: MM

MUS 7.80E-0 1 2.12E-01 4.00E-04 6.00E-04 3.04E-04 1.06E-04 3.43E-03 4.QOE-04 1.37E-08
SST 3.04E-01 8.46E-02 4.00E-04 6.00E-04 1 .2212-04 4.23E-05 1.58E-02 4.00E-04 6.32E-06
Cs cepsul 2.47E-02 7.37E-03 4.00E-04 6.00E-04 9.88E-M 3.69E-06 1.33E-05 4.00E-04 5.32E-09
Sr capsule 3.01E-02 6.97E-03 4.00E-04 6.00E-04 1.20E-06 4.49E-06 2.02E-08 4.00E-04 8.06E-12
HLW 1.82E+04 8.73E+02 4.00E-0.4 6.60E-04^.. 7.28E+00 4.37E.a1 1.64E-01 6.00E-04 11.7712-04

1.82E+04 8.73E+02 7.28E+00 437E 01 3.73E-01 1.85E-04

Numbers In MOLD are revised values calculated using the ratio of old shipments (27100)
ton 	 shipments (41500. Seas readdheat MTLOAD2.XLS, Sheet labeled COMPARISON

Revised Max Credible Accident 	 robabOltA
_ Urban Pop

Old ships New Sh i s Rego Old Prob. New Prob Dose LCFs
27100 41 500 1.631365 2.00E-05 3.1E-08 3.40E+03 1.70E+00_

0.00E-09 9.2E-09 1.60 11+04 0.00E+00

Population doses and LCFs remain the same as befo re . Only the accident p robablHes change.

IV&,c "t-CIL

RESULTS6.XLS	 Page 1



[4] From: Philip M Daling at —PNZS 2/7/96 10:16AiN1(104682 bytes: I In, 1 fl)
To: ^Jacobs Engineering Group at --DOE—HAINFORD—1
cc: Paul S Stansbury at —PNL41
Subject: TWRS-EIS Transportation Document
— ------- -------------- Message Contents ---------------

Text item 1:

ATTN: Mike Harker

The file containing the revised TWRS-EIS transportation impact results is
attached. I will follow this with a formal letter and the computer files
on a 15-inch disk. The formal package will go out in today's mail.

Thanks

Phil



ATTACHAINTI

t

ATTACHMENTI

REVISED TRANSPORTATION IMPACT RESULTS

FOR THE TWRS EIS

Att-1.1



ATTACHMIENT I

REVISED TRANSPORTATION IMPACT CALCULATIONS
FOR Tl1E TWRS EIS

This attachment provides the revised transportation impact analysis in support of the Tank Waste
Remediation System (TWRS) Environmental Impact Statement. The results presented in this attachment
include the population dose and latent cancer fatality estimates for the routine (or incident-free)
transport, accident risk estimates for potential offsite shipments, and population doses for the maximum
credible transportation accidents for the following alternatives:

•	 No Separations including both Vitrification and Calcination'subaltematives.

•	 Idtermediate Separations, including four subaltematives: base-case waste loading in the high-
level tank waste glass without the addition of Cs and Sr from the Waste Encapsulation and
Storage Facility (WESF); base-case loading with Cs and Sr from WESF incorporated into the
tank waste glass; 15% waste loading without additional Cs and Sr from WESF; and 40% waste
loading without Cs and Sr from WESF.

•	 Extensive Separations without Cs and Sr from WESF.

•	 Ex-Situ/In-Situ Combination without Cs and Sr from WESF.

•	 Phased-Implementation without Cs and Sr from WESF.

Overpack and Ship Cs and Sr Capsules to Repository.

Results from the previous analysis' are also included that examined two other Cs/Sr capsule disposition
options, including; 1) creating HLW glass with Cs and Sr capsule material and, 2) overpacking the
capsules and storing them onsite. The revised Cs and Sr source term and overpack inventory will not
affect the transportation impacts for the onsite Cs and Sr capsule disposition option. Furthermore, the
option of vitrifying the Cs and Sr capsule material in separate campaign from the tank wastes need not be
revised.

This attachment presents re-calculated population doses for maximum credible accidents in
urban areas, routine (or incident-free) exposures, and integrated accident risk estimates for all the
alternatives. Population doses from transportation accidents the correspond to an accident probability of
I in 1,000,000 (1E-06) over the entire shipping campaign are also provided. This information was not
provided in the October letter.

The results presented include offsite transport of treated tank wastes as well as the onsite and
offsite transport of Cs and Sr capsules, onsite transport of Miscellaneous Underground Storage (MUST).,

See letter from P. M. Daling to Mike Harker dated October 17, 1995.
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ATTACHIMENT 1

liquids, and onsite transport of SST residuals, where appropriate. There were no changes to the input
data for onsite transport of MUST liquids, SST residuals, and Cs and Sr capsules so the transportation
impact results are unchanged from those transmitted to you in October'.

DESCRIPTION OF REVISIONS

The main revisions to the analysis have resulted from changes in the radionuclide inventories,
shipment capacities, and the addition of new subalternatives. The revisions are described below:

Significant changes have been made to the treated tank waste radionuclide compositions which
have resulted in significant changes in the per-shipment radionuclide inventories used in the
transportation impact calculations.

Treated tank waste shipping configurations have been revised. The revised configuration for all
tank wastes includes a 0.62 m' canister packaged within a Hanford Multi-Purpose Canister
(HMPC). One HMPC is shipped per railcar to the repository. A dedicated train would be used,
with a total of ten railcars per train shipment, to transport the loaded HMPCs to the repository.

A sensitivity study to evaluate a range of vitrified waste loadings was performed. The sensitivity
study examined three waste loadings, including 20% waste oxide (base-case), 15% oxides, and
40% oxides. This assumption was applied in the Intermediate Separations Alternative. With
respect to transportation impact calculations, the waste loading assumptions affect the per-
shipment radionuclide inventories and number of shipments.

A sensitivity study to evaluate the impacts of adding Cs and Sr capsule material to the
vitrification feed was examined. This assumption was applied in the Intermediate Separations
Alternative. This affects the per-shipment radionuclide inventories but was assumed not to
affect the number of shipments.

Slight revisions were made to the inventories of Cs-137 and Sr-90 in the WESF capsules. The
shipping configuration for overpacked Cs and Sr capsules was also revised. The analysis now
assumes that five capsules are to be packaged within canisters that are in turn placed in a HMPC.
A total of four canisters are to be placed in each HMPC which would then be shipped in ten-car
dedicated trains to the repository. A total of 100 HMPCs (ten train shipments) containing
overpacked Cs and Sr capsules were assumed to be shipped.

The other RADTRAN 4 input parameters (shipping distances, population densities, release
fractions, accident rates, etc.) are the same as described in WHC-SD-TP-RPT-016 and the
previous revision'-.

ra

See letter from P. M. Daling to Mike Harker dated October 17, 1995.
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ATTACHMENT I

REVISED TRANSPORTATION DATA

There were two main revisions to the transportation-related data used in the impact analysis.
These included the radionuclide inventory data that were used to determine the shipping cask
radionuclide contents and the shipping cask design configuration, which determines the volume of waste
per shipment and the number of shipments required to transport the treated tank waste materials offsite.

The basic radionuclide inventory data for the treated tank waste forms (Ci/m') were provided by
Jacobs Engineering. These data were used to develop per-shipment radionuclide inventories that were
input to the RADTRAN 4 computer code. It was assumed that the treated tank wastes would be
packaged within 0.62 m' canisters which would then be loaded into a Hanford Multi-purpose Canister
(MN,2C). A total of four canisters would be placed in each HMPC. One HMPC would be placed on a
railcar anti transported offsite to a disposal facility via dedicated trains (i.e., trains with no other cargo).
Each dedicated train was assumed to contain ten HMPC railcars. Even though the shipping scenarios
assume the use of dedicated train shipments, each. individual cask-load was modeled as a separate
shipment. This is the configuration used for transporting treated tank wastes and overpacked Cs and Sr
capsules in all the alternatives.

Based on these assumptions and the revised radionuclide inventory data provided by Jacobs
Engineering, revised radionuclide source terms (Ci/cask-load) were developed. The revised inventories
used in the RADTRAN 4 computer calculations are presented in Table 1. Revised numbers of shipments
in each alternative are presented in Table 2. Note that Table 2 includes both the number of cask-loads of
material and the number of ten-car dedicated trains required to transport the number of cask-loads
produced in each alternative.

RESULTS

The population dose estimates in urban areas for the maximum credible accident scenarios from
the RADTRAN 4 calculations are summarized in Table 3. The maximum credible scenarios were
defined as those with probabilities greater than one in one-million (IE-06) over the entire shipping
campaign. As shown, there were no accident scenario probabilities close to 1E-06 for some of the
alternatives. In these situations, the accident scenarios with probabilities nearest to 1E-06 are shown in
the table. The table includes the estimated annual frequencies of the maximum credible accidents for
which the population doses are reported. These were computed by RADTRAN 4 using the same
accident rates (accidents/km), travel fractions in urban population zones, and conditional probabilities of
accidents of various severities that were reported in the TWRS EIS transportation impact support
document? The revised numbers of shipments reported in Table 2 were used in the calculations. Table
3 also shows the calculated latent cancer fatalities, obtained by multiplying the population dose by 5E-04
LCFs/person-rem, as was done for the support document.

See WHC-SD-TP-RPT-016 for a description of the input parameters used to calculate
the probabilities of transportation accidents.
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ATTACMMEN T 1

Table 1. Radionuclide Inventories for
Treated Tank Waste Shipments

Radionuclide Per-shipment Radionuclide Inventory, Ci/shipment

Intermediate Separations,

Msm-

base-case loading w/o Cs
No Separations, Vitrified No Separations, Calcined and Sr material

, HLW HLW

Am-241 7.08E-01 3.84E+00 1.13E+01
Am-243• 2.26E-04 1.23E-03 3.60E-03
Cm-244 8.04E-04 4.3513-03 6.64E-03
Cs-137 2.38E+02 1.29E+03 4.17E+03
Ni-63 1.83E+00 9.93E+00 3.15E+01
Np-237 4.75E-04 2.57E-03 7.43E-03
Pu-238 7.35E-03 3.99E-02 1.24E-01
Pu-239 1.80E-01 9.74E-01 2.93E+00
Pu-240 4.5613-02 2.47E-01 7.55E-01
Pu-241 5.10E-01 2.76E+00 8.78E+00
Ru-106 2.58E-07 1.40E-06 4.28E-06
Sm-151 4.29E+00 233E+01 7.43E+01
Sn-126 4.27E-03 2.31E-02 5.63E-02
Sr-90 2.97E+02 1.61E+03 6.31E+03
Tc-99 2.19E-01 1.18E+00 7.10E-01
U-233 8.24E-08 4.47E-07 1.35E-06
U-234 1.44E-06 7.82E-06 237E-05
U-235 1.40E-04 7.60E-04 2.37E-03
U-238 3.28E-03 1.78E-02 5.41E-02
Zr-93 2.68E-02 1.45E-01 4.62£-01
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ATTACM LENT 1

Radionuclide Per-shipment Radionuclide Inventory, Ci/shipment

-	 " Intermediate Separations, Intermediate Separations, Intermediate Separations,
base-case loading w/ Cs 15% oxides loading w/o 40% oxides loading w/o

and Sr material Cs and Sr material Cs and Sr material

Am-241 1.13E+01 8.45E+00 2.25E+01
Am-243 3.60E-03 2.70E-03 7.21E-03
Cm-244 6.64E-03 4.98E-03 1.33E-02
Cs-137 1.04E+04 3.13E+03 8.33E+03
Ni-63 3.15E+01 2.37E+01 6.31E+01
Np-237 7.43E-03 5.57E-03 1.49E-02
Pu-238 • 1.24E-01 9.29E-02 2.48E-01
Pu-239 2.93E+00 2.20E+00 5.86E+00
Pu-240 7.55E-01 5.66E-01 1.51E+00
Pu-241 8.78E+00 6.59E+00 1.76E+01
Ru-106 4.28E-06 3.21E-06 8.56E-06
Sm-151 7.43E+01 5.57E+01 1.49E+02
Sn-126 5.63E-02 4.22E-02 1.13E-01
Sr-90 9.02E+03 4.73E+03 1.26E+04
Tc-99 7.10E-01 5.32E-01 1.42E+00
U-233 135E-06 1.01E-06 2.70E-06
U-234 2.37£-05 1.77E-05 4.73E-05
U-235 2.37E-03 1.77E-03 4.73E-03
U-238 5.411;02 4.05E-02 1.08E-01
Zr-93 4.62E-0 i 3.46E-01 9.23E-01

i/

N
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ATTACHMENT 1

Radionuclide Per-shipment Radionuclide Inventory, Ci/shipment
s

Extensive Separations Phased Implementation Ex-Situ/In-Situ
Combination

Am-241 2.64E+02 1.24E+01 1.73 E+01
Am-243 8.45E-02 3.98E-03 6.63E-03
Cm-244 2.91E-01 6.64E 03 1.25E-02
Cs-137 8.87E+04 4.17E+03 7.33E+03
Ni-63 1.07E+OI 3.15E+01 5.05£+01
Np-237 1.77E-01 7.43E-03 1.38E-02
Pu-238 2.72E+00 1.28E-01 9.84E-02
Pu-239 • 6.63E+01 3.12E+00 3.67E+00
Pu-240 1.68E+01 7.90E-01 9.15E-01
Pu-241 1.88E+02 8.85E+00 9.94E+00
Ru-106 9.57E-05 4.28E-06 3.17E-06
Sm-151 0.00E+00 7.43E+01 1.07E+02
Sn-126 1.58E+00 5.63E-02 8.22E-02
Sr-90 1.35E+05 6.36E+03 8.82E+03
Tc-99 8.12E+01 3.82E+00 1.28E+00
U-233 4.65E-08 1.35E-06 2.16E-06
U-234 8.54E-07 2.37E-05 3.83E-05
U-235 8.30E-05 2.37E-03 4.30E-03	 _
U-238 1.93E-03 5.41E-02 9.73E-02
Zr-93 1.21E-01 4.62E-01 6.19E-01
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Table 2. Number of Offsite Shipments in Each Alternative

No. Of
No. Of 0.62 m 3 No. of Dedicated Train

Alternative Canisters Cask-loads(') Shipments( )

No Separations
- Vitrification 587,000 146,860 14,690
- Calcination 108,388 27,100 2,710

Intermediate Separations
- Base-case 33,400 8,350 840
- 15% Waste Loading 44,500 11,130 1,110
- 40% Waste Loading 16,700 4,170 420

Extensive Separations 1,570 390 40

Phased Implementation 33,400 81350 840

Ex-Situ/In-Situ Combination 16,700 4,170 420

(a) Shipping casks are loaded with one Hanford Multi-purpose Canister per railcar. Four canisters
are contained within a single HMPC.

(b) Ten railcars per dedicated train were assumed.

i
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Table 3. Population Dose Estimates for The Maximum Credible
Transportation Accidents In Urban Areas

Population No. Of
Dose, person- Expected Population

Alternative Material rem Accidents Risk, LCFs

Intermediate HLW glass with Cs 9.4E+03 613-06 5
Separations and Sr (base-case
Alternative loading)

HLW glass w/o Cs 4.2E+03 6E-06 2•
and Sr (base-case
loading)

HLW glass at 15% 3.3E+03 8E-06 2
waste loading, w/o Cs
and Sr

HLW glass at 40% 7.9E+03 3 13-06 4
waste loading, w/o Cs
and Sr

No Separations HLW calcined w/0 Cs 3.4E+03 2E-05 2
Alternative and Sr 1.6E+04 6E-09 8

HLW vitrified w/o Cs 3.2E+02 1E-04 None (0.2)
and Sr 33E+03 313-08 2

Extensive HLW glass w/o Cs 1.013+03 213-06 None (0.5)
Separations and Sr

l

( L/

Ex-Situ/In-Situ HLW glass w/o Cs 7.0E+03 3E-06 4
Combination and Sr

Phased- HLW glass w/o Cs 4.2E+03 613-06 2
Implementation and Sr
Alternative

Applicable to Overpacked Cs/Sr 4.5E-01 4E-07 None
several alternatives capsules (2E-04)

1.5E+02 7E-08 None (0.07)

(a)	 The frequencies and population doses for two accident severity categories are;provided for some shipments
because there were no severity category frequencies near IE-06/yr, the definition of a credible accident
used in this study. For these situations, the severity categories closest to I£-06 expected accidents are
shown in the table.
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An alternative approach to characterizing the consequences of the maximum credible accident
was also explored. RADTRANN 4 offers the option of generating data that can be used to plot a
cumulative distribution function of consequences. The data represent the cumulative probabilities of
accidents that have consequences equal to or less than the specified value. Therefore, the consequences
of accident scenarios whose cumulative probabilities are less than are equal 1E-06 can be can be taken
from the curve represented by the cumulative distribution function generated by RADTRAN 4. This has
the effect of improving the comparison of alternatives because the accident scenario probability is 1 E-06
for all the alternatives, rather than the probabilities given in Table 3. However, it is a more complex
concept than that represented by the results in Table 3 and would be far more difficult to explain in an
EIS. Consequently, no recommendation is made here on which form of the maximum credible accident
results should appear in the EIS.

The cumulative distribution function generated by RADTRAN 4 for the Extensive Separations
alternative is shown in Figure 1 for illustration purposes. The points plotted on the figure were
calculated by RADTRAN 4 and the figure was created using spreadsheet graphics software. The
consequences corresponding to a cumulative probability of 1E-06 were found to be approximately 3E+04
person-rem. This value was reported in Table 4. Similar, plots for all the alternatives presented in Table
4 were created using RADTRAN 4 output data and the appropriate consequences were taken from the
plots.

As a result of the revised inventories and shipping cask information, all of the routine exposure
and accident impact results for each of the alternatives were updated. The revised routine exposures are
shown in Table 5 and revised accident impacts are presented in Table 6. Tables 7 and 8 provide the
revised routine exposure and accident impact results for the Cs and Sr disposition alternatives. Only the
results for the alternative involving overpacking and offsite shipment have changed from the previous
analysis.
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Table 4. Population Dose Estimates that Correspond to
An Accident Probability of IE-06

Over the Entire Shipping Campaign

Population Dose, Population Risk,
Alternative Material person-rem LCFs

Intermediate HLW glass with Cs and Sr (base- 1E+04 5
Separations case loading)
Alternative

• HLW glass w/o Cs and Sr (base- 6E+03 3
case loading)

HLW glass at 15% waste loading, 5E+03 3
w/o Cs and Sr

HLW glass at 40% waste loading, 1E+04 5
w/o Cs and Sr

No, Separations HLW calcined w/0 Cs and Sr 4E+03 2
Alternative

HLW vitrified w/o Cs and Sr 8E+02 None
(0.4)

Extensive HLW glass w/o Cs and Sr 3£+04 15
Separations

Ex-Situ/In-Situ HLW glass w/o Cs and Sr 9E+03 5
Combination

Phased- HLW glass w/o Cs and Sr 6E+03 3
Implementation
Alternative

Applicable to Overpacked Cs/Sr capsules 2E+01 None
several alternatives (0.01)

(a) Consequence estimates represent the expected population dose for accident scenarios whose
probability of occurrence is I in 1,000,000 (1E-06) when integrated overthe entire shipping
campaign.
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1E-00
lE-01
1E-02
1E-03

m 1E-04
0 1E-05

1E-06
.1E-07

1E-08
M	 1E-09
U 1E-10

1E-11
MIME

1E+00	 1E+01	 1E+02	 1E+03	 1E+04	 1E+05	 1E+06

Consequences, person-rem

Figure 1. Cumulative Distribution Function for Treated Tank Waste
Shipments in the Extensive Separations Alternative
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Table 5. Revised Transportation Routine Exposure Results

Population Dose, person-rem Latent Cancer Fatalities
Material

Worker	 F	 Public Worker Public

termeiliaLe^ey'̂ nan"^ons,' Base^'" -ca^se;Ioad̂'in ̂S=NoAdde ^'3^"vrs^^sz^- ^+R

MUST 7.60E-01 2.12E-01 3.04E-04 1.06E-04
SST 3.04E-01 8.45E-02 1.22E-04 4.23E-05
Cs capsules 2.47E-02 7.37E-03 9.88E-06 3.69E-06
Sr capsules 3.01E-02 8.97E-03 120E-05 4.49E-06
HLW . 3.65E+03 1.75E+02 1.46E+00 8.76E-02
TOTAL 3.65E+03 1.76E+02 1.46E+00 8.78E-02

-	 *.'^=^ I raiediate^epararion^3Base;C-axe S:;oadmg„Cs/S :ABd d to. R^:gl^-

MUST 7.60E-01 2.12E-01 3.04E-04 1.06E-04
SST 3.04E-01 8.45E-02 122E-04 4.23E-05
Cs capsules 2.47E-02 7.37E-03 9.88£-06 3.69E-06
Sr capsules 3.01E-02 8.97E-03 1.20E-05 4.49E-06
H,W 3.65E+03 1.75E+02 1.46E+00 8.76E-02
TOTAL 3.65E+03 1.76E+02 1.46E+00 8.78E-02

'a - ..In"^"termê iate.S	 onsA tematry ^ S%^Wasfe:Oxt - a m

MUST 7.60E-01 2.12E-01 3.04E-04 1.06E-04
SST 3.04E-01 8.45E-02 1.22£-04 4.23E-05
Cs capsules 2.47E-02 737E-03 9.88E-06 3.69E-06
Sr capsules 3.01E-02 8.97E-03 1.20E-05 4.49E-06
H,W 4.87E+03 2.34E+02 1.95E+00 1.17E-01
TOTAL 4.87E+03 234E+02 1.95E+00 1.17E-01

^. .̂.^_at - eparaho	 atives^l0°o _	 Ow	 _

MUST 7.60E-01 2.12E-01 3.04E-04 1.06£-04
SST 3.04E-01 8ASE-02 1.22E-04 423E_05
Cs capsules 2.47E-02 7.37E-03 9.88E-06 3.69E-06
Sr capsules 3.01E-02 8.97E-03 120E-05 4.49E-06
H,W 1.83£+03 8.77E+0I 7.32E-01 438E-02
TOTAL 1.83E+03 8.80E+01 732E-01 4.40E-02
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Population Dose, person-rem Latent Cancer Fatalities
Material

Worker Public Worker Public

' IdaSbparatio Ahemafip	 i e

MUST 7.60E-01 2.12E-01 3.04E-04 1.06E-04
SST 3.04E-01 8.45E-02 1.22E-04 4.23£-05
Cs capsules 2.47E-02 7.37E-03 9.88E-06 3.69E-06
Sr capsules 3.01E-02 8.97E-03 1.20E-05 4.49E-06
HLW 6.43E+04 3.09E+03 2.57E+01 1.54E+00
TOTAL 6.43E+04 3.09E+03 2.57E+01 1.54E+00

orations• If 11	 rnahv _-	 cmefl^

MUST 7.60E-01 2.12E-01 3.04E-04 1.06E-04
SST 3.04E-01 8.45E-02 1.22E-04 4.23E-05
Cs capsules 2.47E-02 7.37E-03 9.88E-06 3.69E-06
Sr capsules 3.01E-02 8.97E-03 1.20E-05 4.49E-06
HLW 1.19E+04 5.70E+02 4.76E+00 2.85E-01
TOTAL 1.19E+04 5.70E+02 4.76E+00 2.85E-01

- -	 ^'. `Situ^Gom Ina on+ ' rnati¢ '-

MUST 7.60E-01 2.12E-0I 3.04E-04 1.06E-04
SST 3.04E-0I 8.45E-02 1.22E-04 4.23E-05
Cs capsules 2.473102 737E-03 9.88E-06 3.69E-06
Sr capsules 3.01E-02 8.97E-03 1.20E-05 4.49E-06
HLW 1.83E+03 8.77E+01 7.32E-01 4.38E-02
TOTAL 1.83E+03 8.80E+01 732E-01 4.40E-02

n veSe araho hv, -

MUST 7.60£-01 2.12E-01 3.04E-04 1.06£-04
SST 3.04£-01 8.45E-02 1.22E-04 4.23E-05
Cs capsules 2.47E-02 737E-03 9.88E-06 3.69E-06
Sr capsules 3.01E-02 8.97E-03 120E-05 4.49E-06
HLW 1.71E+02 8.19E+00 6.84E-02 4.10)=03
TOTAL 1.72E-1.02 850E+00 6.88E-02 4.25E-03
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Population Dose, person-rem Latent Cancer Fatalities
Material

Worker Public Worker Public
_^^n..z.•^;:_,-^ s^ -	 Pfia"sed- emen hoa',S[t'ern'p a^iv^"...:y:".F :..;^e^'^_`.° `^i

MUST 7.60E-01 2.12E-01 3.04E-04 1.06E-04
SST 3.04E 01 8.45E-02 1.22E-04 4.23E-05
Cs capsules 2.47E-02 7.37E-03 9.88E-06 3.69E-06
Sr capsules 3.01E-02 8.97E-03 1.20E-05 4.49E-06
HLW 3.65E+03 1.75E+02 1.46E+00 8.76£-02
TOTAL 3.65E+03 1.76E+02 1.46E+00 8.78E-02

Table 6. Revised Integrated Population Risks From Transportation Accidents

Population Latent Cancer Population Latent Cancer
Dose, person- Fatalities Dose, person- Fatalities

Material rem Material rem

niôimediate Se te^edraie Sons 'Cs
=0	 tzdde g^s..

.ratio	 ase-caMinii-
and pa niil L	 1

MUST 3.43E-03 137E-06 MUST 3.43E-03 1.37£-06
SST 1.58E-02 6.32E-06 SST 1.58E-02 632E-06
Cs capsules 1.33E-05 532E-09 Cs capsules 1.33E-05 532E-09
Sr capsules 2.02£-08 8.08E-12 Sr capsules 2.02E-08 8.08E-12
HLW 9.25E-02 4.63E-05 HLW 2.06E-01 1.03E-04
TOTAL 1.12E-01 539E-05 TOTAL 2.25E-01 1.11E-04

etm	 afe^Se ons*	 °,o±. C1 t 	 epeparahons, 0 Oxi

a - In	
' r r a	 til

MUST 3.43E-03 1.37E-06 MUST 3.43E-03 137E-06
SST 1.58E-02 6.32£-06 SST 1.58E-02 6.32£-06
Cs capsules 133E-05 5.12E-09 Cs capsules 1.33E-05 532E-09
Sr capsules 2.02£-08 8.08E-12 Sr capsules 2.02E-08 8.08E-12
HLW 9.52E-02 4.76E-05 HLW 8.60E-02 4.30E-05
TOTAL 1.14E-01 3.53E-05 TOTAL 1.05E-01 5.07E-05
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Population Latent Cancer Population Latent Cancer
Dose, person- Fatalities Dose, person- Fatalities

Material rem Material rem

NoSe^paraU-ro	Vitna^ans^	 Z -̂Wei'.-^^
-^w^ =_'

= a:Sons-•C^alcined
; Y';

MUST 3.43E-03 1.37E-06 MUST 3.43E-03 1.37E-06
SST 1.58E-02 6.32E-06 SST 1.58E-02 6.32E-06
Cs capsules 1.33E-05 532E-09 Cs capsules 1.33E-05 532E-09
Sr capsules 2.02E-08 8.08E-12 Sr capsules 2.02£-08 8.08E-12

HLW 1.21E-01 6.05E-05 HLW 2.31E-01 _"SE-943
TOTAL 1.40E-01 6.82E-05 TOTAL 2.50E-01 4-.33E=04

E75-	 St+TM ^ enstve;Separatron '.;^:toa=.yrs.as.::=wc3=•^-.x.:ewec:.m'-s:̂.:rl .eo-..r..•sre^.ae

MUST 3.43E-03 137E-06 MUST	 3.43E-03 1.37E-06
SST 1.58E-02 6.32E-06 SST	 1.58E-02 6.32E-06
Cs capsules 1.33E-05 5.32E-09 Cs capsules	 1.33E-05 5.32E-09
Sr capsules 2.02E-08 8.08E-12 Sr capsules	 2.02E-08 8.08E-12

HLW 7.64E-02 3.82E-05 HLW	 6.59E-02 3.30E-05

TOTAL 9.56E-02 4.59E-05 TOTAL	 8.51E-02 4.06E-05

^hased3mplementaii„*+-"
-»^-.,r<

MUST 3.43E-03 1.37E-06
SST 1.58E-02 6.32E-06
Cs capsules 133E-05 5.32E-09
Sr capsules 2.02E-08 8.08E-12

HLW 9.27E-02 4.64E-05

TOTAL 1.12E-01 5.40E-05
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Table 7. Revised Transportation Routine Dose Impac ts

from Cs/Sr Disposition Alte rnatives

Population Dose, Person-rem Latent Cancer Fatalities

Worker	 Public Worker Public

- a Gesmmtrtd S-'-*'Pt̂nfi - Y'

Cs capsules 2.47E-02 7.37E-03 9.88E-06 3.69E-06
Sr capsules 3.01E-02 8.97E-03 1.20E-05 4.49E-06
Glass	 . 1.97E+0I 9.46E-01 7.88E-03 4.73E-04
TOTAL 1.98E+01 9.62E-01 7.90E-03 4.81E-04

j esi 	 diSllOnil ,C a ac	 Hi ed:Offsi r	 ^sPo ^ ^"'	 ""

Cs capsule 2.47E-02 737E-03 9.88E-06 3.69E-06
Sr capsule 3.01E-02 8.97E-03 1.20E-05 4.49E-06
Overpacked 4.38E+01 2.11E+00 1.75E-02 1.06E-03
capsules

TOTAL 439E+01 2.13E+00 1.75E-02 1.06E-03

= esmm; ntium^Ov	 cto^;Onsrte -

Cs capsules 2.47E-02 737E-03 9.88E-06 3.69E-06
Sr capsules 3.01E-02 8.97E-03 1.20E-05 4.49E-06
Overpacks 0.00E+00 0.00E+00 0.00E+00 0.00E+00
TOTAL 5.48E-02 1.63E-02 2.19E-05 8.17E-06

Att-1.17



ATTACHINMIN T 1

Table 8. Transportation Accident Impacts of Cs and Sr
Disposition Alternatives

Population Risk, Latent Cancer Fatalities
Mate rial person rem

estum anWStro um̀ ^^e
k	

-

Cs capsules 133E-05 532E-09
Sr capsules 2.02E-08 8.08E-12
Glass 3.10E-02 1.55E-05
TOTAL • 3.10E-02 1.55E-05

:,,,	 ;Cesium an'd#Stro^tumOve c è 	^p	 :Offs^tefor.Dispo _	 '_

Cs capsule 1.33E-05 5.32E-09
Sr capsule 2.02E-08 8 .08E-12
Overpacked Capsules 3 .44E-05 1.72E-08
TOTAL 4.77E-05 2.25E-08

red=0nsrte^-^Ges7umR^um?Ov̀erpac^

Cs capsules 1.33E-05 5.32E-09

Sr capsules 2.02E 08 8.08E-12
Overpacks Offsite 0.00E+00 0.00E+00
TOTAL 133E-05 533E-09
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RADTRAN4 OUTPUT FILES

The attached 3.5-inch disk provides the RADTRAN4 output files that were developed to model
offsite shipments of treated tank wastes and packaged cesium and strontium capsules (filename
RADTRAN2.OUT). The output files contain an input echo as the first part of the file so the attached
files document both the input parameters used in the calculations as well as the output. The table below
is a key to the attached files, listing the files in the order they appear in the file on the attached disk, plus
presents the filename and a brief description of the material analyzed in each file. Also on the enclosed
disk are the spreadsheet files used to perform some of the calculations documented in this study. These
include WSTLOAD2.XLS (calculated per-shipment radionuclide inventories and numbers of shipments),
RESULTS5.XLS (calculates total routine exposures and integrated accident risks), and MAX-
CRED.XLS (risk curves for each material).

No. RADTRAN4 Filename Alternative and Material Analyzed

I COM3302.OUT Ex-situ/In-situ combination alternative, vitrified tank waste
without Cs and Sr capsule materials.

2 CSSROP2.OUT Overpacked Cs and Sr capsules.

3 EXTSEP2.OUT Extensive separations alternative, vitrified tank waste without
Cs and Sr capsule materials.

4 INT152.OUT Intermediate separations alternative, vitrified tank waste at 15%
waste oxide loading.

5 INT402.OUT Intermediate separations alternative, vitrified tank waste at 40%
waste oxide loading.

6 INT$W2.OUT Intermediate separations alternative, vitrified tank waste at
base-case (20%) waste oxide loading.

7 INTSWO2.OUT Intermediate separations alternative, vitrified tank waste at
base-case (20%) waste oxide loading. Cs and Sr capsule
material vitrified with tank wastes.

8 NOSEPCW2.OUT No separations alternative, calcined tank wastes without Cs and
Sr capsule materials.

9 NOSEPVW2.OUT No separations alternative, vitrified tank wastes without Cs and
Sr capsule materials.

10 PHAS£D2.OUT Phased-implementation alternative, vitrified tank wastes
without Cs and Sr capsule materials.
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/^d^Uf/ L ^^Gcu*/^ ^ _ C• 3 S L-'t c t, ) Ŷ  ^. 4 L--^ G /) _ ^. 3 G L= ^• o Y ^ci^ ^'---_

-

_ ....	 C4^),C aNO)C3. ^s) - /O3- _'^' 
y c Ft,/ *3

^^y53o)(S.?85),_/03_

^/. 7) ^/. Gz trt°3) _../:..^ 3`/ e f°3 sn3 	 -

4-77-

--	 --.._ 7'c^a,o0•u^? _ ^CiCZEfb^ t(7_3-3	 ^_fC-/E^°yJ

. __	 - 9-84 E-t o y s,. a

^D^ir1u/",/̂ J .-_-_^GO V3o0 •ryr^ _ ^.S%Efo^ stt'3 	 G

} -- - 
n	 - 3_77 £io-5 ̂ 3 _.

G^o^	 (Ka°" = LI 3 6̀37 iN^ '^ 	 =_...4 6 0 X l/f1 .rn. ^ u^/GCO^z



JE JACOBS ENGINEERING GROUP INC

DATE	 /> 9 `^'	 SUBJECT	 SHEET NO. i3

BY IPAO CHKD.	 JOB NO.

RNA-c^A--.^i (irYXiL
!
/7K/ ,7 - 2. .^,.ctljZPi ^+G^^c^(

?/r/ (cam.`_ = CyyaaO ) ( p ' 2 ) = S•^/E7o3 yn3

.	 .. ..°^i-u.^io-,..^. ^-^c3-7 = Co1.5j^E to^"'n3j+^3.7 `7t 7oi-c.>.f-(5- HG--7`aT M. 3^

*-	 .^ _ ^,^^ .'( t= to o.)_?° C$ . g E y o3) ^t,,. '3	 __.	 _ _ __

'ra-?a?^o-w^C-.=^.9r-t^aJt^S.v9E.x»^f^//9^ £ta6>

= 1.7Y r -/L d	 ^--

9. G's-^e..Cv^	 ^ Co.,.^-r- r%'-•a!^ivi -u,.,c,...,c.<>,̀..L,

al

a 0 00 l2z7 

k/rfl	 >U)t0- 000 I"z.Z	 G•Rq	 3

Sy

_—	 .__...._- _"-`'"'vG^•-r/—.'°=.(`I.vctv_ 3̂>C/2G3 (^.,w La../>^ =!2.5'0
37,--

_._...	 ------	 --^`L1( _ - 1/a Sa3^)(0.(44.,,3.= /$oD„S.3zf^._1c;1^._

_(ga)Cs^). = al sov^ti^ = u-yscfova, r ..___.f_uti)(s^

(H,9Eto'1	 o3>	 S.IGEt?y'zi'ITrs_.:lK^—

(/ a7^to51 t^7.9ZC^oa)



it JACOBS ENGINEERING GROUP INC

DATE '71 -	 SUBJECT	 SHEET N 0.

BY 621-2 CHKD.-	 JOB NO. 01K

vs(sRo-, wa 	 71

Tp-e

E Y- 0 -f im 7-̂

AF-7^ 0 5' 4^t f4-^

---

024

---- ---

(3

CV



Fill 
JACOBS ENGINEERING GROUP INC

DATE o2-`l7 '-C/,^	 SUBJECT	 SHEET NO. ^
L 

G"r	 D

BY —	 CHKD.	 JOB NO. '1%!\ 470 /

6N TE ^--

/'	 s-^d

	

^-^-`L . v. ri-^vf!t^ -u-^-^ = (̀/r iYGu^"3Lh- °̂ ti.a.v^	 = g 3 .

G) (N 3o -0	 41 3

^^- = ^/G , ^ l zG 3) ^dl^l^l) = 1. l̀ 4Y• 952, 2y1 ?

.	 o^s-co-4.or-, ^i--3—."/fie = (j. ^9^ E=^-ae>-( G• 9SIL t°^!J	 .. .,.

..^.^-^.^_C/s_= (3-i6 --rYuy ) -_^a_°YE7°s^ -^S'•octg3_)-_	 -----..

_, 3.a7t toSJn„3

—_ yta,.^ C -_ - / ^^ EfG> — S•o tfa3^^ (A_ oil L= foV>

yH G^o^..?rf^i	 —	 ----

JZ" -. , 9 _ :lam

ell

cr1 o U O^.MS. /^^q.^



JE JACOBS ENGINEERING GROUP INC

DATE-. T - r S " ^C	 SUBJECT	 SHEET NO.

BY'..CHKD.	 JOB NO. OI Ile ''7(0

x}GI. "/'vui i""''°'u"/ 7^	 = 4• S5^ EtUJ ikt Td'^'.5
/%'CGet/ ^v^j.^/.^w-000 

^	
^ ! • 3 a ^'f o S ^ 3

i/Z^uJ niu	 -	 ^3o-0.s 4/^ G^j =	 Y2

I 

1707-,o

- ^/ a 
y

am_ •.7r,^^.•^.0 .r.^` -f-a^a ^-^ ,^,^.	 ^^

/llLtJ,^Nu ^.	 v^/mac. — /. L 7 toy	 Gz^ii	 G ^.

p-Wicw,^..Q 6^	 = /- Z ^l G toy{ ^K tv^''^	 _ .

pew //^.v.^ ^ ,sie.-	 = N .7 c t a3 ityr ?.- -

O'W' '{'t^..K	 ci^u•w'*-Cu..-	 =	 3. N! L-,t^3	 /.s^.'^3^o-H...V,.G%.

__ /{d-w^r/a-,G,, utayt- . _^^_^^^s'S r raG) =...^^3SE toG,^.,3_'	 .eE^

	

7m?ui_^O a/ G</alr^ _ (!•6 Y-&6)t /,f.3^E'taC = /•H%Gto ^j3	 __

_.-_.._	 ._.__ _c^/^=(^ 7 3•v$F7*^G^ii^) =s-^^^fdG^3 r	 ^---'"

S	 vaGt = (S.a Zff-7W 7' C•/^Etos^t^Y•9oEfa,

3



dE JACOBS ENGINEERING GROUP INC

DATE Z — S"' `t G	 SUBJECT 

AA'(Z

/	 SHEET NO. ./^
BY ^L CHKD.	 JOBNO. aoKgry

a^

^

-- -	 --	 7. L 9^f o 3,

rnZwu.^J ? ^2?).-CaSs'3v)(3 ^&`0),(l^'^_ J, 13 I- Jo340 .

7) !(. f^3 EY^3 = 9,01 G= f o3^x.3

O — 7.09Eff3 _t(.1 .13

_^—.. .._N	 a%ti'3 = ^- 22 Efa3 f^5^8 L= f-aY t 4.:!;V47:-

—	 E

1,1--13  G= to If

.. L ^1W : ^d A fia^^ 436a '^v^^arA') = 9,N C -̂ t y 4 ilyr 3.._.	
-

y[w: S	 rte; ^1/ ^s _ gs3	 332a

/•Gay^,^3__	 3o/3aS-Y = /-G = 1. $ B• G foS ^.,.3



All 
JACOBS ENGINEERING GROUP IN C

DATE 2 
/-
 f 5— ' L	 SUBJECT	 SHEET NO. I ^^
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gzz ^^Ci $6G^t'', - -- - (say)( /oLO^ 0^ _ootls7 C7	 ----.. ---_^-
343	 $L6'h''^	

..

/ 17 '7 2 row	 =zia _CaGaS)(o. 00vi: ^ 9 )C9} = K?

4-4 V4

1.2^ Eton *nom- ..—.__._ ^ =.__ 9_ sG c= to .̂>,,^ r-,-,,,o

C•--(.'UiG	 S^o..:-^i^2.__,^-r^ ^/?'itM•_.uo^^!ctw ^y.^..d /^.^-.^'_"-?!..ei-/ -

3

_

-	 ^• d 3 C'T 0 S ^+^ To-o
G(lp4. O1.ML1 I61P11	 - ---	 -



All 
JACOBS ENGINEERING GROUP INC

DATE	 /J-- `lG	 SUBJECT
	

SHEET NO. 2'	 ^^`^`

BY l..^ CHKD.	 JOB NO. Oar! tit

/G4^/„N^ î , .s	 ^• ^.G t SOY) I- (8• ! 3 EYoo

-	 ^f o S	 ^ 9. 3 9 Stay .rut-Zc.:,.. 7`0.0	 ^-----'"'_

^• .GKf•	 _ ". ,COf/^•'G^^^•Q..-A^
n
._._^Lt.^.I.r.'"""'^ ^`- ^'^""' 1^--...-... =`GJ°'

Does _0c , _I.-Mcr-MlS-..	 ---

""'^.^-`•-

/^	
.z^(v - -- ..	 _ - LAUO.V'^ l^0 Ce1C.vi^?.IJ sepu„	 .

----	 ..._^^''^! _..%'h•wauGK. _a f̂ __Ef!^t^PS2 --- - - - - 83So	 _

i

- —	 —0`^	 °^ r/fraPcy	 ? /cos. - -



SHEET NO. 113 d--;.l

JOB NO.

= g. 07 Et05 4^1 7e**

H • 3 d̀G toy ^'_^

/0 4'KA I? -_.._.

WE 
JACOBS ENGINEERING GROUP INC

DATE p11,a-15- r! G	 SUBJECT

BY	 CHKD.

/(?LW ^YLtuyt^ ^ vo^r/^

__. (sue ^^..^-- _^.. ^,-^ ^y• ^).^.'

y

p

^ 'W'	 'd' -___--x•43 E" 1-ov/.47.E'to4__.= 2..2

XX&J icet4^j ° g•o7Efo5-/#.ga	 7

(Q ^r+^i<KGS/ H^W f ^l^W /^ccl+i!	 l	 o0
4) t ^ U'83 &'lor)

 0 e &7

._ .__ _-__ s^n^o-^q_/cc.Ztti , ^c.,^c-w-+r = /• 7 /.2 °J ? ^fu G

_._.-._...	 1 3T^_..SGGV	 du = FlC. 03 4-	 t(9 7/ EtuGl ^/̂ .^9 c fo g K^

t o G ?sI a	 ^----

.. 3 C^L^^±v^%Lar,.r^?r/_a^_: ^	 ^ .^-*^a•^^'•^.. -^41•QG'?gJ .

-	 __--Ra^J^to^w—= ^/• ^^ ^7.7 E+aG^_^ 1-3 / E'f?? 3 . ---

- 7"a^ 2rilr^i_.^_,..^-"^•..._-_(^•3/F^^'Z,^?N3, f • (^ . o. a F1`oL?n^

c/1PU OVOnSI Id/An	 _	 .	 •_• 	 .



Fill 
JACOBS ENGINEERING GROUP INC

DATE T - ( T̀ - 4 G	 SUBJECT
	

SHEET NO. 2 ^/ r/' ^E

BY d40 CHKD.	 JOB NO. o^,^^•J^^I

ry• C.e^u.G.^.^ ^ f^'^`u°`^Y Z..xf^L^/ ^y` 'a-i- ►̂ ^ ^ cz'C^^i . " '.r "",.` '

^/.7)	 c to3) _ /64Eta^ dw	 4I

0.1 
ef°4t( 3 .73^fo/) _ %oS«/Ei°y l^^P	 1h---

C° /03 d^iOt^.^w3 - -_ 7, v 3 Env/ isn.3	9^	 _ .

_	 TU^/^G2o-'G'-` _ (7•^SE}o^^3•^f/Ef^z) rlN•7(C"7^03, 	 ...	 .....

^^kr._ 2 3So 19,93

-	 -- -	 — -	
G - o ,fit o 3 ^n - ..	 ^--

.___	 f"o-^^luz.^.^we.s.,+^ : ^C.o Ei'c3^ t .̂ 8. ^ tow) y{/ a Fto9) .u;^3 ..-
_	 3

— ! ^ f0	 3	 '



Al JACOBS ENGINEERING GROUP INC

DATE	 6	 SUBJECT	 SHEET NO.

BY ZX94 ) CHKD.	 JOB NO.

3 av,

4o). 70 I.tr

-4f /Y

^,v	 7
((do)

14 4(0 0 0	 -W

L, a.0-0.0-	 (0,	 5 giav '4^

C-3, 77 et

-3

3

0

cj



A 
JACOBS ENGINEERING GROUP INC

DATE 9 - 15-- '? G	 SUBJECT	 SHEET NO.

BY ^ CHKD.	 JOB NO.

12 7-40Y"----

(14 0) (loo

/0

a W

W-;P,^ .	 - — - - - -- — .... I -- 
70 =

/,
F3	

0

0 C	 4-

e.1

73)__-,

e-7L

FOAM 91.0 1 fW811



Fill 
JACOBS ENGINEERING GROUP INC

DATE g - / 5--  cC	 SUBJECT	 SHEET NO.

BY 1-?w 'J CHKD.	 JOB NO. O/Ku7121

_

nJ^ ^	 /. 'j (3H	 = S_75! t 1'-03 ,r,,.f..-^	 '^'^^

------ _ d^ C /?_, . _-r̂ _(3. K f f o3 ^_ Ca ' l ^- _ _ .. 3.?
y Cto 2 .aa. Tir^'c- E



JE JACOBS ENGINEERING GROUP INC

DATE a - P S =	 c/	 SUBJECT	 SHEET NO.-r'/ 4(

BY	 CHKD.	 JOB N0. 21 f ' wol /

.fl ^^' ?!'C^^J''^ ^i^^ .̂r-o"Ca''^i-o s'i'3 ^f-`^R'^.a.^^!C'^Cr1-^
^^J-^

^!/.f' y^°I..^- "R.Eu'r

_.	 ..^	 of

3
Z. LH	 T	 Lj_4S et0^{. __..

i

	

-- -	
_ /.a l r-to (0 .wt Jo-

T	 1

I

--	 }ILLW_2aly- a ^9,aGEfaV)`[d Yu 7ctoN^y 	a.yy

--	 C	 ^ra _ =.^^7 ----- y^ 9-^^'_9g^ rta^> . --

/aS.^ GGtuu,  (,^o . 37rtoy) = a.13
---	 —..

FORM 91-005.11.1811	 - •• •	 _	 _



FE 
JACOBS ENGINEERING GROUP INC	

q
DATE ,^ -(9 -y `	 SUBJECT	 SHEET NO.

BY	 CHKD.	 JOB N

O

O.

.,^il•

(

+

K 

LI 

'?IO f

2^ ^.%rro•a, ^a%u^^^...P^.a..A`^^ ^o-w^!" ^^'rr^.i" ^^r.,.c^C C/ Jv^^

^.. C..i! 	^	 rte3_+/=^'`R"^-^	 -̂ •fs	 /..v^a^.LV ..!' ' ^ .

-

^11.^_ = C 2_13)_(3.l4=faG.x,

_ So^f.L.rcyc G/cf.. __ - G-_GO L toG ihr 3	 __.	 _._.	 _.. ^---_

--_....__.--T'^f .5,^i-v=^.^ 3̂o.Ga. -_^ C^•o - t7`oq^ fCG.000-'tai) -+(S.00--y-os) -	 _-_.
^_....	 —

'- 3 ^%.'L.^^CG^a^•(.. %Llu ^t+!^G-o.^ . ^:..- ^Gr /L%url-'.^^Klg îli .vr-- ^"'f^• _. ...- -

_^Lo tu% ^LZC%uJS. t'^ = _._
y `c._ + ' 7fft td^, 

fi - 

/P

to 7

-- -Tv'U.+ .̂HC.rq̂ l_..?^hQ2_c'
toH^.TI ^•KEfcl ^ ^-193E-1-oY. ----

/ 43_ <' toy—	 -z" -

FORM 9b00St 14/8f1---_---_ -^ 	 —_--- -



Fill 
JACOBS ENGINEERING GROUP INC

DATE	 es"– `/ C	 SUBJECT	 SHEET NO. 30
BY	 CHKD.	 JOB NO. d/K47/,91

tAl

- 

(
/ 

A 5r -3 17  ( a N b^"4^

z.	
_-•li.w ?7i3—=__(frs) (bvo) (s.^Fg^ ( /v _) . = ??, 3

3. --.—.	 -3

__.—^_/	 — (3,40 ^C^a2Eto3^ = S . CK rF^3 ?sr 3

c+2 _'a^ utc0	 Q- = J .G y N t^3 g, z	 L C to3 -- —

----__ _	 T`„""_ ^GC<.^ _ ^ 3 t J`o y> -F- G-Gz. rfar + z_r ttoK^

_ g• W^'c.ee/u/(^_„^...- J^R^?^'^".^..^^"^'i'-v^+^/^'J_. _,_.E„G-..C^ti !^%!TiP!!%vC!!.`..^+"T`^`'y'.

/ o E4 o s i+rt

FORM 91lNISt (416 1P



dE JACOBS ENGINEERING GROUP INC

DATE	 9 - / 5-- 9 `	 SUBJECT	 SHEET NO. 31 .,^k I'

BY^^CHKD. 

	

JOB NO. 01 It q7 /'Q

/.a3 r f&q nr 3

-- 
(luao)(40,)a^^_(1.Ga+^^3^; ^.3y^to^aYt

c fut

._..^___..

	

	 _C/. 23 G fo4 1 ¢ C5•ye t OF)

5-.63 F f- O:F In3

=^h • 3 N t_ f 05	 +( I.

0 7 c^to6 si+ 
3 - — -- - ^_

.— ̂ G
.!rd^. ^^7 = ._,l /-G ^ E_ foG) + 5.33 E tu^^ t^. ^• r EtoY^ .	— _.

_ /oLL Co.^c^^ ,%^^rt,^-!.,^►̂-.,aric^^v'^% .^•^•^,^,^i.,_•^.•.^.G.^-	 -r^i- s.G-^^,j' _

-	 --- _.	 =.. H• a s E -^` a H , ?,i. 7`̂ •^. v^ Diu` •	 - - - -- -

=you a,.ma• rerun	

_	 .. _ . -.



it JACOBS ENGINEERING GROUP INC
DATE 2- 1 5-- T 6 —	 SUBJECT	 SHEET NO. 3Z ^ -(

BY	 CHKEX	 JOB NO. 04^ Lf -7 /0

0,-z) 0, 00o tz I.

17^

7

C--t

--;;6-

*0-o-e^ -r) t(L-le^-ta4T
7Lo	 7o-wz

41^ --^r	
41	 ^0^

c4-

ce

YL

FORM R'-M54 (41811



JE JACOBS ENGINEERING GROUP INC

DATE ^^,'.""^ 

7

- l3 — 4 C	 SUBJECT	 SHEET NO.

BY	 CHKD.	 JOB NO.

l3. (.^^.'-GLr/u/w iGGC.^ .^H%^-W-s-^4" /7^2/^"-•i'^y,^f(A/"Lj ^ .t-CiJ/J +^+...^'^- -

f Of 4iry .^/ Q /v
1./O ^.,AS _ (/_ q / t^^o^) 2/ 3^ _ y. 0 7 L--1o e'

Q^2^-v-^G^^..-s.J^ = v-07c'toS^_ ^l_96Z t-o3^

/3o l 2

l^•. ^?,'^^(^tr/^/u ..iL^v- ^.i..ca-r
/
3̂ GW`m_^^- ĝe%ilvLr'"'•^^ ./^,,,t .•:^o'Gt.^'

_ 
/, ._..

/^/`^!'.Er3r /-^.^,!iiY d:3i _. i.̂.f1f: ^jr!.,.5•^•^^=....+^.ifiLis'" ^'r-^C/ . ...._

U 4

	
=- C ŷ. Eto3^ ^''. l 33 _ = 7.2 Ll L^-f-o 3 .n tom  _.a .._ —

F7"J3^-f; -f3 ) -- 
^.ZyL^a3.r«7oer^^

-^durs^±"^-...w^T s±.^	 .r,^..•y emu- i

.19 c3 a 5 °- 3 ^o lei a-^ -

rcv-cl?•r_ r.- _ ^.«.G-G^.... ^
..

.
^/ 

a . y_3 _ ^.-^'^o-v^-^.c-.
'

/
,

J'
J

a
I

^.,^-...^^%-s.^„^'-1 ^?-

.'...f,/S.^..r/ ¢.v ^Y/-titer'	 / ,̂-f,^•-'^^'^'s-c-.n. 3̂ `' /^2^tv..,.c^i... p!^ i'̂-.'
-pPM	 (dIF9



JE JACOBS ENGINEERING GROUP INC

DATE	 – etr--Y G	 SUBJECT	 SHEET NO. 3 1/ oizlt SIB

BY	 CHKD.	 JOB NO. _67(R149101

- .. //^/ .^%Wf/"T'`iu ^.,civi•d . /̂`̂ _̂i /'-•i/?it:. 3̂-^' /Grii..LV+^^'^ itA'.CiL l ' ", '

^^(/	 ^ r/	 ^^y /^	 ^J ^J
J

^ ^	 ^'

	

J•^ ^^^ /[yam -^/
_...	 1• d

'

^

^

!

u-

/
,.

_
,!

s y^` ^.ttc^v^

^^

.

w

}

^

w

^^

./,^`T ^t?4t.vM^^. !.!`.!^.!_'- si^W,^7^!^^^.P.^ 	 -..
/

^/

,^a
^/

V

- .._..	 !%^ic.J .iv332w^ k	 / 3fir p+^x•ti(o,Gz+n'^ °	 7Eta^l-

—	 -
--_.—G+iv^_GSy^_3'Q- x.47 tfaY 71f

^^	 '- °	 ----- . -..	 -. _—C-f^ //LGVk-^^ti tr,^ _ ^w•.t,if:.ct^i ta /, a6•s„ _- (y.g2rfo3

.___.__._..__.—._-- __—_^/^rrr^Qy _/^i/u6t•cF!^^.a^' ,( jJ,v`/'yl/_.._.__' t Ô ̂  —	 __—

–
-To. — ,

— --.^ica.Ci=_,	 ^2t{o4 h N-$^f tto^	 ^3$ 7t7'05') f ^•i7ErcYJ

FnRM a t .005 .1 l4^89



JE JACOBS ENGINEERING GROUP INC

DATE	 o'• -!5 - 9G	 SUBJECT	 SHEET NO. 3S,r 41  ^
By	CHKM	 JOB NO. o^k47/O^

..	 9,lGG/_^^-fie-	 (V. •Y7 H7G-_focJ .. _

eta/ sa	 -eve_=_(3.g.ty toG^ f^G•o E t oy} tC^. o L-fo^^
=.. 4. tf G--7F0G .^n

4.—l•4K/`.f^'•'^! V . ^ /l-2+̂ 1- Zda^.e,-- ^.a_ayy i"`^""°''`i /,may ^"L"

-_ -	 °----_ I Ca-'.`_G-•^„C_ /^'ulc;, ^_( ^u^w_ kia,7^ _'/ia.G.J ^ - o^a,y_-̂^m.w^
-.-	 -'_ % ^ y 	i o7 t X07 .w,3	

-	 -..

et y

_._^f /? -grfJ	 !ZE-toyXi`1Efoll-_.	 .-------... ------



JE JACOBS ENGINEERING GROUP INC

DATE^^..^^
2- /T- 9 ti	 SUBJECT	 SHEETNO. 3G

—T

BY	 CBHKM	 JOB NO. o IR 4 7/0/

_ ,,	 fc,aJ /1^r.^•..+1!^, -U-,1.'.r%tJ+ _ ^ o - u d - / O	
. _

=^^p^ (1 y a^	 R 40d^yQ'+^e'

= ^a4o-^^ ^3 .egg ) ^lb_3̂  = 9.°q i, z	
_.

7G^a^ a	 ^.. _ ^̀ l Il ^3.gEtcz)f^7.G cY- 3)

— a a ^f o3 -^.	 ^---

9. Ccv! 

r	
.:-^,^._^.c..^_^.I.I.P _._ _ ,,,vrv.r^

^

^•

7

^`^

J•.

 ,^r ^ v^

^+

±`—

_ 55300 (3 .788 01 3)

a f/^^FC	
.941 70

CG2Efo^+(d-lzxd

y	 P

tof !-M =	 _._	 --

FORM 91 p8 ' !4/811



JE JACOBS ENGINEERING GROUP INC

DATE
S"na^ J

- /S '̀1 (i	 SUBJECT	 SHEET NO. .37

BY •^ CHKD.	 JOB NO.	 Y7/0

^ ^a^ur,^l ^l s ^^F^ ^%^r •^er-^..,.7 ^,a^eeyw..,,,,..c, ^,. ^i!„^

Srrf u f` v	 `d	 /0^. ( 4/3 °o Cu, -V,

	

= a3,o°o	 3

	

4.3 - Eta	 3	
—.-

^..t^-3 -^!^-^G - C.-ya-rte.3

jr j'

-- - D^?-^G G.r.'.,:•,1-Zi_ _ D-.3 •K,t-Cwi -t-Gw.-^2 ;	 - -	 -- —

_ ..	 --= G G 3r^X L

- -_ . - '^_-^-3."fit ^_a^	 =.(L_`ZL`to^f l%V_EfaT^t(G-3 L.^°^f) _—' __

– 6, '13 t Y^o 	p,

_..	 - ^..r
	 S•93 F tui l f 3 .13 10 1 t /lc ^^ 

O`lJ	 -- ...__

__	
tlr iy =•r.L•.-.emu...-^.^•e., s.^s.«^ al-,^r9 /^ ^.w -',-^a'.-i--

--	 _ ^^.Gon s fc .0 G.^ . ^o, ;/, . s l yer ^.^2 . / -ry .x l a y	 -

- -°_ _	 -_^! -̂b) ( •/o y ^ o.z .)-^o, ooarz^']) (^ G ^ . - - --- ^•v P"`_.. Z i..s.l.•„_.G„c,(.^,.^ ..
Ar cj',,4 oyu°al z^ 7^n 1

_ r^9)Clso ;o.z o• ovur,l9 !l ^)	 p	 ' 	 o. Olt	 40^

FORM 96005.11.1s p	—



Al JACOBS ENGINEERING GROUP INC

DATE
S 

a — /!;—  q 	 SUBJECT

BY _C?E,^IL CHKD.
_	

u	

7`-o r-a.^ S-.̂re^ •rf-G'w(. ^„ l̀ ^ `oe.% = 31-^..c( tvH.

SHEET NO. 38"g44,9,

JOB NO. O/ K Lt X7/,7

......	 =.C30^C^2G3^.
d̂.l4q)C7) _- L 3Gss.^.^„7„^.

^.37C5 or	 ,.o• _..

Grp'«•- ^`^^ ^i,^^ = (i`I R> ^ jr. v r' raj) t(L,39t'r°`^,_
	...

//4v ^T îc/ _ _(^' g r to l)+^l•S7 t faa) f^l a7Ffoi^	 —

... ^! . ^	 ^.V-_ ^G^^vW^a^ ^^	 n,..s.^	 ^.(,t, ° • G 2..«3 Cf - _w.^a.^'^!...

__^- -^ lf_^_!-•!mss-/̂, _.. __--

cl 5	 3' C tO y f l 1. ^f E404

FORM 9T-00S1 (4/6il



JE JACOBS ENGINEERING GROUP INC

DATE r' - r 15-- ri G	 SUBJECT	 SHEET NO. 3Y ol `7fe

BY 	 CHKD.	 JOB NO. _ D(k Y'7/O /

2.37 . 01-o3 .s,A

77 z 3

.

7 e r	 -A,	 .

-y-0' •̂^^

3

 ^YJ..'-',^.^— L^'^7 .. _= C - 3 ^ C+o ^,^/ y0 C fos 1	 ..

iv. ^^°^-^ .^.,_^..^-rte ,^ ^,.^3•^•^'^.,.^.,^-^ ,^°1- -^..^•.

CJ•1 14) (3 . 4E7( 63)	 4-4 r to3 14« 7,
o

:^^G.-/^f/^ ^',.^^-'^./,^!!"?_(-^I"n"^/_y^i^i'-'-3 mot,.•-^^/.L /? ^O, o. 3 .^vNt.^.^

/^^c/ ( ^3%i ^iv^`3—a	 l`^/y ^o dGe..lraT^/^ - -

P

^^.^--`'^_.iY....,1?n-31--^/. ^/.J-?"SAY-v`_''-`(% ` .._/,-.^. .`^"-^..'^'^-^	 -	 ^--^-^,

...------- -- O_. -_J /J.Lrn^M•,+i.'^Ll -Gn^!f^nif/̂ l i , r,?`^_ 1 ^./^ R^.A^ 3 ^ O:,/G^'ra

FORM 91.WS1(6181)



AE] JACOBS ENGINEERING GROUP INC.

DATE	 SUBJECT
	

SHEETNO. YO
BY /AW CHKD.	 JOB NO. 00<46/v/

..	 ^ - liJiv..u/..r/.^ .r7..G.+- ^ .s-.r-•-̂r%ri^c• ^ ,-y.4 .7 y./ca ^—ow3 o....,1.^

_.	 . - . - %^-	 iy,-^- J3//	 b3._9 /:.it c .^.. t 7 != Y ^ o^.ter- 3
G

S	 g

2. ^i .Z ^.Y w-^vr ^- I ^rrv..v^^i% yyry 9% P^ ^ ! o • ^.r-^""'^ _ •^ .. _ .s

G r, ^^^.3 lroi1C^^,^3.ri ^/ iw :i.^.v/iii .... ^^^^ ` i^..%.-r <.tY ^ - l ^V

d - to//^ifi7^/' •JO^/ •iY ^ S //^-^ /'̂-6^^rN ^ ^ Q3j.ti^ ^ .

— 3.37. C= fo 3	 '^	 .,	 .
^^.

3 . 32.:. 1.23 = y. S^'C foi'm3

-----	 G^^r.3' = 7 - /3 r roa ms•--

._	 .----- --	 ,.---_—_.(//2zFy0c)T

i

-	 __ l - ^-^^---J ^ /'_,w.•^.e14.^:.(, _ .ccr.,v.-,^.;^,3—_tr.̂^J — .I D I.'. 'Gr'-,•^ °^of o ^ S l --1
._ -^- C<c^ttc4c^ -^-•-^^^our ,a^!G^ ^^«-:.-•1 a-.,-J d./s .̂^'-^-G o•i



JS JACOBS ENGINEERING GROUP INC

DATE V, - !S— ° G	 SUBJECT

BY	 —CHKM

SHEET NO. 4!(

JOB NO. _ all"
 44,101

ter 3 = q.>"z & to tl^ 7

4-:1 IL od1 f^i• 3E -t O]J

rs,^.I ^ , (/.(gam 1o^^iC/.?_ ^a6 ^ —`^(7 L-^^o6)

. ^--^ .^-_...^..:.^.o ^.^^.^,-.-^^; .^-^^- 4•c rte`- 3 ;f ^^7z

/

mil. !'l Y/'i.YJ../i S	 - G • V 5 GAT G	 v	 -	 ..

---fora/



JE JACOBS ENGINEERING GROUP INC

DATE
,,^^ 1

12 ' 15-' R/	 SUBJECT	 SHEET NO. u%- V--'aro

BY p J CHKD.	 JOBNO. 111'4^1d/

.. c, yit^ Pf^r-fr-.^'N'^/ ^r+sLtn.lf'--^J •^ T^^ `i ^' ^d ^d jl ^-a+a' ^ /O
J	 7

.0
r

. .	 4,._(3 a^"'J-•^JJ ^^/!/ 3LW/ — S.I^G_ tOi ^ ^.	 V	 ._

... C^!!tii!J^(/l -^./.'..CIrY3r...v./a^v^/-aiN ^+^.d^_ ^/^!-'.°'"-.vp''^f /	 i1,GGUtf Pk•/

3

of--....

fi^^a^ = 9 . 9^- fog 	C-6SL`far f/^ 7G Ef ei

.	 .. _.__ Q. ._	 -/_ .̂.8^r^•r+• ^^. /-?'^=its.rlJi'-^YY'o! - S2 ' _b? 3 }^o !(J-^r!...•„^-_ (Z

--.	 _—c, !3 avuww ^.^%',19..<.^^t +^^w ^ ^ i!-•?z Str^.1v __- z ^

J...!^6?!i+J-uJ. ^ -̂y^^!` _- `^- 3 10- f a ^

-----_-^. C,^s^wG/c^.
^
Lw
^''

!3
7
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Table BAD.0.3 Resource Summarv. Tank Waste Alternatives

Resource Phase No Action Long-Term In Situ FM In Situ E.Y. Situ
Alternative }Management and Cap Vitri fication Intermediate

Alternative Alternative Separations
Alternative

Land. permanently Total i7 25 25 25 40

committed (hectares)
(Long-term commitment Construction/ 0 NIA NIA N/A 7
of mdiologically Operation
contaminated area)

Closure 17, 25 25 25 33

Land- incremental To
ta

l 0 42 21 111 108
temporarily committed

Construction/ 0 42 1 91 84(hectares) (area
disturbSd during
construction and

Operation

operations) Closure 0 NIA 20 20 24

Borrow Pit Disturbed McGee- N/A N/A 16 16 21
Area (hectares) based on Ranch
an excavation depth of 3
meters Pit 30 N/A N/R 39 34 57

Vernita NIA N/A 21 21 27

Quarry

Water, Total 'Sanitary plus 1.52E+06 1.52E+06 2.43E-06 1.71E+08 }7+*E+07
(cubic meters) Raw Water 7.40

Water. Sanitary Total N/R NIR 2.43E+06 1.7IF+0S +06
(cubic mexers)

Construction N/R NIR 5.9E+05 1.7E+08 5.0E+05

Operation NIR N/R ME-06 1 2E+06 sy-.1- +06

Closure N/R N/A 4.13E+04 3.8E+04 6.0E+04

Water- Raw Total 1.5E+06 1.52E+06 N/R N/R 1 B E+07
(cubic meters)

Construction N/A 1.7E+04 N/¢ N/R N/R

Operation 1.5E+06 1.5E+06 NIR NIR
z'	 +07

Closure NIA N/A N/R N/R N/R

Energy Total LIE-03 1.IE+03 1.8E+00 4.46E+03 /.	 F"

Electricity (Gwh)
Construction N/A	 - 4.4EA 1 1.8E+00 5.6E+0 1 7.4E+01

Operation	 - LIE-03 LIE+03 9.5E+02 4.4E+03 19	 -t^6i-^ It

Closure NIA N/A N/R	 - N/R N/R

Gasoline (cubic meters) Tota l N/A 8.6E+04 4.0E+02 1.5E+04 B.DE+03

Construction N/A 8.6E+04 9.7E=01 1.5E 4.04 7.6E+03

. Operation NIR NIR NIR N;R
o•RZ4 

fof

Closure N/A NIA 3.0E+02 3.0E+02 3.9E+02

deirreppvnb cppeM.d/I	

B-189



Table B.10.03 Resource Summary, Tank Waste Altern
atives (cont'd)

_1
e^^a,ma,,yew.e/l	

B-190

	
^Y

Resource Phase So action Long-Term In Situ Fill In Situ Er Situ
Alternative Management and Cap Vit rification Intermediate

Alternative Alternative Separations
Alternative

Diesel (cubic meters) Total 2.2E+04 3.5E+04 5.96E+04 7.1E+04 _..+04

Construction N/A 6.3E+04 1.3E+03 ISE+04 2.IE+0t

Operation 2.3E+0= 2 .2E+04 6.(E=03 6.IE+03 -E+03

Closure N/A N/A 3.22E+04 4.5E+04 6.62E+04

Kerosene (cubic meters) Operation N/A NIA N/A N/A 9'$ +04

materials: Total N/.4 ME +05 1.9E+04
/•4

t.3E+0
Yo

_ EM
Concr-te
(cubic meters) Construction N/A 3.5E+05 N/R 1.3E+05

^yq
!X+OS

Operation N/A NIA NIR N/R /'tteyr!` {=.i-i-0

Closure N/A N/A 1.9E+04 NIR I:9E+04

Carbon Steel Tota l 1E+03 1.33E+04 N/R 12.6E+05 /l.o-t•E+OS
(metric tons)

Construct ion NIA 1.33E+04 NIR 2.6E+05 1.07E+05

Operation tE+03 1.0E+03 N/R 2.6E+05
v

#f{^`-' rtay

Closure N/R N/A N/R N/R 1.9E+04

S ta inless Stee l (mt) Construct.. r /A -11: -0 I N/R +

i-Iastelloy/Intone! (mt) Construction N/R N/R N/R NIR 2.3E+03

Glass Formers (mt) Operation NIA N/A N/A 1.1E+04 -,?_,	 +05

Process Chemicals (mt) Operation N/A N/A N/R 6.8E+03 WE+05

Bulk sulfur cement Operation N/A N/A NIA N/A p•"t
sulfur (mt) i.30 +05
dicyclopemadine (au) S•7 3-.4-E +03
oligomer (mt) S- 3-.XE+03

Ion exchange media Operation NIA NIA N/A N/R 23E+02
(cubic meters)

Borrow Site Silt Closure NIA NIA 3.7E+05 3.77E+05 5.26E+05
(cubic meters) -

Borrow Site Sand and Tota l	 - N/A NIA 1.1E+06 9.55E+05 4-.68E+06
Gravel (cubic meters)
- Construction NIA NIA 6.9E+05 N/R 3.17E+05•

Operation N/A N/A (see 5.4E+05 N/A
construction) /.29Z-y-oG

Closure NIA N/A 4.15E+05 4.15E+05 1.36E+06

Borrow Site Basalt Closure NIA N/A 6.38E+05 6.38E+05 8.05E+05
(cubic meters)

Asphalt (cubic meters) Closure NIA N/A 6.25£+0= 6.35E+05 8.07£+0'.

t

4

1

2

3

7
6
7

8
9

mPe^rili,tlsll^-

II

12

13

14
15
16
17

18
19

20
21

22
23

24
-5

26



lResource 1'lunse Lx Situ No IN Situ No 1'.x Sit 11 lix Sit II/ 1'hvsed I'based
Separations Separations Extensive III Situ Implementation Implementation
Alternative Alteruutive Separations Combination Alternative Alternative (Phase 2)

(Vilriticulimn) (Calch allon) Alternative Alternative (I'Imse 1)

Land, iurtummuly '1'olal 27 27 40 37 0 43
cmnunilted (hectares)
(Long-term Coustructiun/ 2 2 7 8 U tocommiuuem or Dperation
rudiolugically
unjual inured area) Closure 25 25 33 29 0 33

-Laud, iucremewal 'foal 83 83 108 106 33 108
temporarily
Conuuiued (hectares) Construction/ 63 63 84 84 33 84(area dismnlim] during Upetatiun
coustmeth I,rod
uperanio s) Closure 20 20 24 22 0 24

Borrow Pit Disturbed
Area	 based(hectares)

hlcCee Rauch 16 16 21 18 0 21

uu :un excavation 1 1 it 30	 - 44 44 59 32 0 51
depth or 3 meters

Vernita 21 21 27 23 0 27
Quarry

Water, 'fatal Sanitary plus "1.106 2.413+06 31X-+07 4—.351 . 1-07 2.81-+U6 1,U8t3+07
(cubic meters) Raw. Water u• y9 4T	 8;3g a.°6 51

1V;ucr, Sanitary Total r tGi-06
-

3.6117-1-05 3:'3L+06 3+06 6.313+05
o

y1U8131^06
(CUhic meters)

Cunsuuoiun 2.3913+05 2.3911+05 5.291i-h 05 4.191? 1.05 3.913.1.05 2.541--1 05

Operation 'A611+06613-F06 2.081--10622.081--106 '-(0a6 9:(i81106 2.2 13- i-05 ?+l}G

Closure 4.1313+04 4,13 V+ 04 2.058+05 4.911 1-04 1.61''+4 -104/6.031

Water, Itaw Total ^6^f4?•i-U5 8.581?+04 411+07 /Jyt 
9
P+07 2.2C+06 5 ft	 6-/O2

(cubic ureters)
Construction Wit N/it N/11 5.513+06 N/It Wit

Operation ;<r+US 8.511137+04 U7+07 -. l?+06 2.2122+06 7- j?y-06—°7

Closure N/it N/It MR N/It N/It Nllt

ij
14

1

W

3
4
5
6
7
8

9
IU

II

12

13

14

W
15

16

17

18

19

20

21

22
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'I 'able 11.10.0.3 Resource Summary, Punk Waste Alternatives (conl'd)

Resource 1'buse Lx Situ No Ex Situ No 11x S it u 13x Situ/ I'huselt Phased
- Separutlmu Separalluus Exleusive III Situ Implementation Implementation

Alternative Allertmlive Sepuralluus Cumblontiun Alterna tive Alternative (Phase 2)
(VllrMcalluu) (Culciunllo n) Alteraulive Alternative (I'lulse 1)

Energy 'Pula!
5t^
$4c2131-03 4.721'+03- 4:6713+04 4-S L• +03 1.713101

!•	 y.Y - to6:441	 Y

Elec tricity (Gull)
Construction 3.0 13 1. 01 3.0131-01 8 .913-1.01 3 .813.1.01 5.0111.01 7.771: 4.01

Operntiun B 4:6 134-OJ 4.09 13+07 E-1.04 -4:513-1 . 07 071.6131-03
^•°	 L` 3-

ti--G>I	 U3-

Clusure MR	 . " N/It N/It Wt Wit Wit

Gasoline (cubic 'Total 5.4E+03 5.41:+03 •-1.04 3.011+05 6.8E+03 :+03
meters)

Cunsuvctiuu 5.1131.03 5.1E+03 7.713 -103 3.0E+05 6.513+03 4.71131-03

Operation N/It N/lt .N4145 + #/R^^O/ N/It MR- 73JeCj°r° t

Clusure 3.01E+02 3.01E+02 391114.02 3.361'+02 3.711102 3.9113.1.02

Diesel (cubic meters) 'I'mal G +IS UWrerey U411-04 972fs+ - E•05 3.0 13 +04 3213+04

Construct ion 1.19E+04 1.19E+04 2.9E+04 4.54E+05 1.8E+04 1.3E+04

Operation
ayet,y

13+U3 13.102
1/ -moo 5^

F02 • +Oi
q.
4.1-713+03 2.011+02

n
1-2.2111-03

Closure 5.2213.1-04 5.22E+04 6.721:+04 5.8E-1,04 1.8E+04 1.8E-1.04

Kerosene (cubic Operation 3:64C^F61-
k

.B.05^1+04	 .+ 9:}63:+114- 21713+04 9.8111.02 3;(931-04
meters) /.oLFro•% ° ^.3v^t°S `/• t 3 5.1

Materials: 'I'ulal Tiilafl +U6 -1-27131-0G	 - ' 6:6JI 1 1^ a,-7413-1 05 2.4E+ 04 :+	 f5
Concrete y
(cubic me te rs) Cullslruelinn 2-.661:1 . 05 2:	 • 4. 05 5.011.4.05 ?713+05 2.41.1+04 -104

OperationOperation E• 067 9:813-b05fO^ IcS:+ 5 8:513y^-04^ .0.4E+02 -i-;7E•1^14^^'b3^r'o5'

Clusure 1.9f!4.04 1.913-,04 1.911+04 1.913.1.04 0 1.911-104

4a
r

l^(,^^'r
rH ^i4^•4••°.I^^r!r^.l.l^(^itdb^

	

.^ r'lA rolr •Inh'YIU 14144 rPIPM1 y 4•4• n h.J/l ^)lA^+: VN1 a"	
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I
Table 11.10. 0.3 Resource Sunuoarv,'rank Waste Alternatives teant'dl

Itesaurce I'hase Lx Still Rx Sit o No Ex Situ Rx Sit u/ Phased Phased
Sel aralimis Separations Extensive In Silo Implumeululluu Implementation
Alternative Alternative Seliaralluus Cumbl a ilon Alternative Alternative Waate 2)

• (Vitriticallm) (Culdnullon) Alternative Alternative (1'llase 1)

Carbon Steel Total f? OS ^^a^ 6+015 . 86+ 5 I+ 41 8. 8.3I1i 04 71{3{z.1.U,{a•o7L= fo3..

Cunslru 04 1.41-1 -1- 05 3.33E+04 8.31:+04 Sr8 R+Ot

Operailml	 1t
v

s46	 ^F^d 7441-1+04 ^Utr ' 61.1.03 2.961 02

Closure N/A NIA /A N/AN/A N/A N/A ei-oY.UC
Stainless Steel (nu)

r °
1.2	 a• 03 — r't°

^,	 61 7 •1 I. 2.ICi-lf4J' .3is+07 75 04 1.4 1.15E-1-(Muunrucuun

5 L'11^ IICmIC	 IIII
r.

C(ii	 tructual
r e

1.51 L'+O ^— , 06T033 '"1-ISR{13^^ ^;G(i^Qj
• ^ tre

—1.15(' ̂ (J

Class Dormers ( fail)
Operation 2:31.+05 N/A J:	 x105

0
i. 98+05 1.711+US

7
u2:eie+05

Process Chemicals Operation 4-.%I3z+05 3.0661-05 84613-1-05- 9.551=1.04- 5.813+04 f-5{:•105
(fan) 3.56 /3zr+o6 2.,14x-pat H•7S'

Bulk sulfur cenicia Operation 4 45•
/.Hero,- l•?vcrvy

sulfur (nu) N/A N/A	 - 1-. 71ii-05 !	 1--1.04- ?5^C*04- 2 1=gL^I-0; 9.o</r+o^
dicyclopealadiue(ua) N/A N/A	 6a2e+°4 4,466+03 2636+03 7;4$+	

_
02! 3A 1-+035.^YC-'Yoh

uliguuler(nu) N/A N/A	 r•rx<+e 446!':+03 ^1-70E+03 6:8E+022-/,q^^ a,ga3:NO3_$,75^'^oi

tun exchange media Operation N/A N/A 4.96+03 1.16+02 1.417 1 01 1.46i 02
(cubic meters)

0orrow Site gill Closure 3.778+05 7.7717+05 5.356- 1-05 4.3611+05 0 5.2661.05
(cubic meters)

harrow Site Sand and Total 1,29	 (fi 1-291 :0 76+06 / 1V41_7 +06 1.2134.04
99

1313 +06
Gravel (cuble meters)

Construction
teY

-1.29 7-1.03
!•	 cS
N 3i'+05 ORL+05

oe
4.11i+U5 1.211+04

;:
1,7113+(15

Opuration N/A /• 41-+o-N/A^	 6 NIA-- 3 7 FYO6
see N/A -N/A '7,c" u

/ H3 E710 q
f

/•L	 ° Y amstructiun) y^ Z. /	 .^
9i' d•	 U-

Closure 1.171+06 1.1711+06 1.366+06 9.411+05 N/A 1.3661016

Burrow Sitellisall Closure 6.386+05 6.381'+05 8,0511.1.05

-	

1:7,06105 N/A B.OSI1+•OS
(ctlhic Illelers) I
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'fable 11.10.0.3 Resource Summary, 'rank Waste Alternatives (cmn'd)

Resource Those Ex Silo No Ex Sian No Ex Slhn Rx Situ/ Phased PlInsed
Separations Separations Extensive In SRu Implementation Implementation
Alternative Alternative Separations CmubinaNna Alternative Allenallve (Phase 2)

(Vitrification) (Calcination) Alternative Alternative (Phase 1)

Asphalt (cubic Closure 6.25E+04 6.25E+04 8.16E+04 6.98E-1.04 N/A 8.07E+04
meters)

N tiles:
'Sill and Basalt Barrow materials are used only for barrier construction during closure.
N/A = Not Applicable
Mt = Not Reported

bt1

41



T^hln 7 F 7 itnrrna Cite Cnmmary - Mnteriak Used Darin Construction and Ooeration5

Alternative Borrow Type Amount (m3 [ftll) Location

No Action (Tank Waste) N/A N/A N/A

Long-Term Management N/A N/A N/A

In Situ Fill and Cap Aggregate 690.000 (2.513+07) Pit 30

In Situ Vitri fication Sand 540.000 (1.9E+07) Pit 30

Sim Intermediate SEx	 Separations /^'y +Aggregate	 ---> 317.000 ( 1.113+07) Pit 30

Ex Sim No Separations
- Vitrification
- Calcination	 1^	 ^a2

Aggregate"^^
-Aggregate

2 oo oov C 9, 2 P 09
123,000 (4.4E+06) Pit 30	 i23-u^

Pit 304.4E+06

Ex Situ Extensive Separations Aggregate jL 1
V 1^
372,000	 .3	 +07) Pit 30

Ex Situ/In Situ Combination Aggregate ",;y
C 1.

410,000	 +07) Pit 30

Phased Implementation (Phase 1 only) Aggregate 9A Z,	 I- 0 12,000 (4.3E+05) Pit 30

Phased Implementation (Phase 2) Aggregate t 47, s 4,1 159.000 (5.713+06) Pit 30

Est 10-0 (.2 .3a E+vv)

Tnhie i 6 0 R.—.- Met.rtelc rnmd fl.r Rurkflll of Fmnt y Tavkc fnr all Ex Situ Alternatives

Alternative Method Kind Amount (m3 [ftr[) Location

Ex Situ (all) Tank Stabilization Aggregate 754,000 (2.7E+07) Pit 30

Ex Situ/In Situ Combination Tank Stabilization Aggregate 452.000 (1.6E+07) Pit 30

Phased Implementation (Phase 2) Tank Stabilization Aggregate 754.000 (1.713+07) Pit 30

Tahle'i_(,'A Rnrrnw- Materials riled far rnMC rnetinn of Hanford Barrien

Alternative Borrow Kind Amount (m" [ft'1) Location

In Sim Fill and Cap. In Sim Vitrification, Silt 377.000 ( 1.3E+07) McGee Ranch
Ex Sim No Separations Riprap 638 .000 (2.3 12+07) Vemita Quarry

Aggregate/Sand 435.000 ( 1.5E+07) Pit 30

Ex Situ Intermediate Separations. Extensive Silt 530.000 ( 1.911+07) McGee Ranch
Separations, or Phased Implementation P iprap 805.000 (2.9E+07) Vemita Quarry
(Phase 2) t Aggregate/Sand 606,000 (2.2E+07) Pit 30

Ex Situ/In Situ Combination Silt 436,000 ( 1.611+07) McGee Ranch
Riprap 490,000 (1.713+07) Vemina Quarry
Aggregate/Sand 700,000 (2.513+07) Pit 30

Notes:
N/A = Not Applicable

1

2

3

4

5

6

7

8
9
10

11

3
	

12

13

t 14
4	

15
16
17
18
19

20

21

22

23

24
25
26

27

28
29

30
31
32

33

7	
Ec7^

a

4' d Fz.

34
	

Notes:
35
	

' Includes materials to construct barriers over tank farms.
36
	

r Includes materials to construct barriers over tank farms and the LAW disposal vaults.
37
	

N/A — Not Applicable
38
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Table B.10.0.3 Resource Summary, Tank Waste Alternatives C^oSV(C_

Resource Phase No Action Lone Tetra In Situ Fil l In Situ Ex Situ
Alternative Management and Cap Vitrification Intermediate

Alternative Alternative Separations
- Alternative

Land, permanently Total 17 25 25 25 fl(a
committed (hectares)
(Long-term commitment
of radiologically

Construction/
Operation

0
o

.NK, lyllC	 f
3 1

contaminated area)
Closure 17 I -7

2!(
2Y 33`

Land, incremen ta l
temporarily committed

Total 0 142 C^ 21 111 408115

Construction/
Ope ration

0 2 v 1
f^/^ f

91 Q
/

(hectares) (area
disturbed du ring
construction and

Closure . 0 N/A 20 20 2d	 2A

`t

operations)

Borrow Pit Disturbed McGee N/A N/A 16 16 7Y
Area (hectares) based on Ranch
an excavation depth of 3
meters Pit 30 N/A N/R 39 34 .5f 75

Vemita N/A N/A 21 21 ^^ 2
Quarry

Water, Tota l Sanitary plus 1.52E+06 1.52E+06 2.43E+06 1.71E+08 1.47E+07
(cubic meters) Raw Water

Water, Sani tary Tota l N/R N/R 2.43E+06 1.71E+08 3.6E+06
(cubic meters)

Construction N/R N/R 5.9E+05 1.7E+08 5.0E+05

Operation N/R N/R 1.8E+06 1.2E+06 3.1E+06

Closure N/R N/A 4.13E+04 3.8E+04 6.0E+04

Water, Raw Total 1.5E+06 1.52E+06 N/R N/R 1.07E+07
(cubic meters)

Construction N/A 1.7E+04 N/R N/R N/R

Operation 1.5E+06 1.5E+06 N/R N/R 1.07E+07

Closure N/A N/A N/R N/R N/R

Energy Tota l 1.1E+03 1.1E+03 1.8E+00 4.46E+03 9.07E+03
Electricity (Gwh)

Construction N/A 4.4E-0 1 1.8E+00 5.6E+01 7.4E+01

Operation 1.1E+03 1.1E+03 9.5E+02 4.4E+03 9.0E+03

Closure N/A N/A N/R N/R N/R

Gasoline (cubic meters) Total N/A 8.6E+04 4.0E+02 1.5E+04 8.0E+03

Construction N/A 8.6E+04 9.7E+01 1.5E+04 7.6E+03

Operation N/R N/R N/R N/R N/R

Closure N/A N/A 3.0E+02 3.0E+02 3.9E+02

1
2

3
4
5
6
7

9
10

181
12

i	 13

I	 14

15

i	 16

17

18

19
r

20
21

1

22
23

t

24
25

26



4

5
6
7

24
25

26

U

2- 15=4^i

1	 Table B.10.0.3 Resource Summa ry , Tank Waste Alternatives (cont'd)

2

3

8
9

10

11

12

13

14

15
16
17

18
19

20
21

22
23

Resource Phase No Action
Alternative

Long-Term
Management

In Situ Fill
and Cap

Alternative

In Situ
Vitrification
Alternative

Ex Situ
Intermediate
Separations
Alternative

Diesel (cubic meters) Total 2.2E+04 8.5E+04 5.96E+04 7.IE+04 8.82E+04

Construction N/A 6.3E+04 1.3E+03 1.5E+04 2.IE+04

Operation 2.2E+04 2.2E+04 6.IE+03 6.1 13 +03 1.02E+03

Closure N/A NIA 5.22E+04 4.5E+04 6.62E+04

Kerosene (cubic meters) Operation N/A N/A N/A N/A 5.8E+04

Materials:.
Concrete
(cubic meters)

Total N/A 3.5E+05 1.9E+04 1.3E+05 7.29E+05

Construction N/A 3.5E+05 N/R 1.3E+05 5.4E+05

Operation NIA N/A N/R N/R 1.7E+05

Closure N/A N/A 1.9E+04 N/R 1.9E+04

Carbon Steel
(metric tons)

Tota l 1E+03 1.33E+04 N/R 2.6E+05 1.64E+05

Construction NIA 1.23E+04 N/R 2.6E+05 1.07E+05

Operation lE+03 1.0E+03 N/R 2.6E+05 N/R

Closure N/R N/A N/R N/R 1.9E+04

Sta inless Steel (mt) Construction N/A 2.2E+01 N/R N!R 1.9E+04

Hastelloy/inconel (mt) Construction N/R N/R N/R N/R 2.3E+03

Glass Formers (mt) Operation N/A N/A NIA I.1E+04 2.94E+05

Process Chemicals (mt) Operation N/A N/A N/R 6.8E+03 1.90E+05

Bulk sulfur cement
sulfur (mt)
diryclopentadine (mt)
oligomer (mt)

Operation N/A N/A NIA N/A
130E+05
3.4E+03
3.4E+03

Ion exchange media
(cubic meters)

Operation N/A N/A N/A N/R 2.2E+02

Borrow Site Silt
(cubic meters)

Closure N/A N/A 3.77E+05 3.77E+05 3268+05
6,458+of'

Borrow Site Sand and
Gravel (cubic meters)

Tota l N/A N/A 1.1E+06 9.55E+05 1.68E+06

Construction N/A N/A 6.9E+05 N/R 3.17E+05

Operation N/A N/A (see
construction)

5.4E+05 N/A

Closure N/A N/A 4.15E+05 4.15E+05H6 +OEr
s

Borrow Site Basalt
(cubic meters)

Closure N/A N/A 6.38E+05 6.38E+05 8 105FA-W
":^' 31Et0

Asphalt (cubic meters) Closure NIA NIA 6.25E+04 6.25E+05 8.07E+04

dtis1VpenblaWnb.d11
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Resource Phase Ex Situ No Ex Situ No Ex Situ Ex Situ/ Pleased Phased
Separations Separations Extensive In Situ Implementation Impleneenlatime
Alternative Alternative Separations Combination Alternative Alternative (Phase 2)

(Vilrifecalion) (Calcination) Alternative Alternative (Phase I)

Uind. peruencully
cunnuitted (hectares)

Total 27 27 ,A6^.
^^4I

0 X43' ^Z

(I.omg-tern
conuniuueut of
radiologically

Construction/
Operation

2' ,2'	 I Y34 ,8 3 0 16	 ,1
`ilJ

contaminated area) Closure 35 C/ 25^u 33 1'Z 29' 1 U 0 1

1-and,  incremental

lauporarilyrily
Total

OO

^^83	 ' )Yvl^i^
O t	 T

j08 IZ ^6	 u 9 ^ 3 og.	 4

Construction/
Operation

63' 1 63 W e
U U

84

^^
14' 

Z^

commi tted (beclares)
(area disturbed during
construction and

Closure 20 20 24 22 0 24operations)

Borrow flit Disturbed
Area (Declares) based

an an excavation

McGee Ranch 16 16 ^r z^ ^^ Z^ ^(>' ^YZ J

Pit 30 -41r-q' 44 X54 )z
2-11

y( 7

depth of 3 meters

Quarr
y 21 21 ^7'? / ^/ 0 27' I

Quarry J I 7"

Water. Total Sanitary plus 2.8E+06 2.4E+06 3.39E+07 1.35 13 +07 2.8E+06 1.08E+07
(cubic raters) Raw Water

Wmer, Sanitary Total 2.34E+06 3.6E+05 3.9E+06 2.5E+06 6.3E+05 3.08E+06
(cubic meters)

Construction 2.39E+05 2.39E+05 5.29 13 +05 4.19E+05 3.9E+05 2.54E+05

Operation 2.06E+06 2.08E+06 3.21E+06 3.08 1306 2.2E+05 2.77E+06

Closure 4.13E+04 4.13E+04 2.05E+05 4.9E+04 1.6E+04 6.03E+04

Water. Raw Total 4.62 13 +05 8.58E+04 3.0E+07 1 .IE+07 2.2E+06 5.5E+06
(cubic meters)

Construction N/R N/R N/R 5.5E+06 N/R MR

Operation 4.62E+05 8.58E+04 3.0E+07 5.5E+06 2.2E+06 7.7E+06

Closure N/R N/R N/R N/R	 j N/R N/R

23

24

I	 IN .^

h ^

9
10

Il

12
13

14

to
15 :..
16
17

18

19

20

21

22

Tahie 0.10.0.3 Resource Sununary, Tank Waste Allernalives (conl'd)
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11

12

Table B.10.0.3 Resource Summary, Tank Waste Alternatives (cout'd)

Resource I'luse Ex Situ No
Separations
Alternative

(Vitrification)

Ex Situ No
Separations
Alternative

- (Calcination)

Ex Situ
Extensive

Separations
Alternative

Ex Situ/
In Situ

Combination

Alternative

Phased
Implementation

Alternative
(Phase 1)

Phased
Implementation

Alternative (Phase 2)

Energy Total 4.72E+03 4.72E+03 1.67E+04 4.54E+03 1.7E+03 6.14E+03
Electricity (Gwh)

Construction 3.0E+01 3.0E+01 8.9E 4-01 3.8E+01 5.0E+01 3.73E+01

Operation 4.69E+03 4.69E+03 1.66E+04 4.5E+03 1.6E+03 6.1E+03

Closure N/R N/R N/R N/R N/R N/R

Gasoline (cubic Total 5.4E+03 5.4E+03 I.0E+04 3.0E+05 6.8E+03 5.1E+03
meters)

Construction 5.1E+03 5.1E+03 9.7E+03 3.0E+05 6.5E+03 4.71E+03

Operation N/R N/R N/R N/R N/R N/R

Closure 3.01E+02 3.01E+02 3.91E+02 3.36E+02 3.3E+02 3.91E+02

Diesel (cubic meters) Total 6.51E+04 6.4E+04 9.72E+04 5.16E+05 3.6E+04 3.2E+04

Construction 1.19E+04 1.19E+04 2.9E+04 4.54E+05 1.8E+04 1.3E+04

Operation 1.02E+03 1.02E+02 1.02E+03 4.17E+03 2.0E+02 1.22E+03

Closure 5.22E+04 5.22E+04 6.72E+04 5.8E+04 1.8E+04 1.8E+04

Kerosene (cubic
meters)

Operation 5.64E+04 8.05E+04 9.36E+04 2.9E+04 9.8E+02 3.0E+04

Materials: Total 2.33E+06 1.27E+06 6.69E+05 3.74E+05 2.4E+04 6.5E+04
Concrete
(cubic meters) Construction 2.66E+05 2.66E+05 5.0E+05 2.7E+05 2.4E+04 2.9E+04

Operation 2.04E+06 9.8E+05 1.5E+05 8.5E+04 4.4E+02 1.7E+04

Closure 1.9E+04 1.9E+04 1.9E+04 1.9E+04 0 1.9E+04

^i
1	 \

vt

1
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Resource Phase Ex Situ No Ex Situ No Ex Situ Ex Situ/ Phased Phased
Separations Separations Extensive In Situ Implementation Implementation
Alternative Alternative Separations Combination Alternative Alternative (Phase 2)

(Vilrirtcalion) (Calcination) Alternative Alternative (Phase 1)

Carbon Steel Total 2.32E+05 1.32E+05 1.98E+05 8.21E+04 8.3E+04 7.85E+04
( Iocrric tons)

Construction 6.12E+04 6.12E+04 1.4E+05 5.35E+04 8.3E+04 5.85E+04

Operation 1.46E+05 7.04E+04 1.62E+04 9.6E+03 2.9E+02 2.0E+04

Closure N/A N/A N/A N/A N/A N/A

Stainless Steel (nil) Construction 1.26E+04 1.26E+04 2.1E+04 9.5E+03 1.5E+04 1.15E+04

Ilaslelloy/hiconel (nit) Construction 1.51E+03 1.51E+03 1.80E+03 1.15E+03 2.6E+03 1.15E+04

Glass formers (nit) Operation 2.5E+05 N/A 3.55E+05 1.47E+05 1.3E+05 2.8E+05

Process Chemicals Operation 1.95E+05 3.06E+05 8.86E+05 9.55E+04 5.8E+04 1.5E+05
(nip

Bulk sulfur cement Operation -
sulfur (ml) N/A N/A 1.7E+05 6.5E+04 5.28+04 1.2E+05
dicyclopeoladine (rot) N/A N/A 4.46E+03 2.65E+03 7.4E+02 3.4E+03
oligamer (nu) N/A N/A 4.46E+03 1.70E+03 6.8E+02 2.4E+03

Inn exchange media Operation N/A N/A 4.9E+03 1.1E+02 1.4E+01 1.48+02
(Cubic meters)

Borrow Site Silt
(cubic meters)

Closure 3.77E+05 3.77E+05 3r35P. 1-05

6. S
4!18E+05

s• ^^

0 536E+05

G 9S
Borrow Site Sand and Total 1.29E+06 1.29E+06 1.73E+06 1.348+06 1.2E+04 1.5E+06
Gravel (cubic meters)

Construction 1.23E+05 1.23E+05 3.72E+05 4.1E+05 1.2E+04 1.71E+05

Operation N/A N/A N/A (see N/A N/A
construction)

Closure 1.178+06 1.178+06 1.3613 +06 9.4E+05 N/A "613+06

Borrow Site Basalt Closure 6.38E+05 6.38E+05 ,8.05 13 1-05 7A 13+05 N/A $ .OS'E+05
(cubic meters) i

- 931 785 9 3/

3
4

5

6

7

8
9 °°

G
10^
11
12

13

14

15

16

17

18
19

20
21

Al

I a
V	 l
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Table B.10.0.3 Resource Summary, Tank Waste Alternatives (conl'd)
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Assumptions	 ^j^aJ c "/^ -9G

1. HLW glass for any of the ex situ alternatives involving sep arations is calculated at
20 wt % waste oxides. The waste oxides exclude silica and sodium.
2. The HLW for the No Separations case is calculated at 20 wt % sodium oxide.
Note: EA glass Iimits are 17% Na2O and 4.3% Li20 and each Li20 is equivalent to 2
Na2O so the EA glass is equivalent to 25 % Na2O without any Li20. The p rivatization RFP
states that the HLW glass wi

ll
 be 25 wt % waste oxides not counting the Na2O or Si02.

3. The LAW glass composition is calculated at 15 wt % Na2O.
4. The canister size for all HLW is set at 0.62 m"3 ( 1X canister)
5. The material balances contained in the WHC data packages were used to calculate
the waste oxides for the HLW and LAW streams.
6. Sensitivity analysis will be done for the Intermediate Separations alte rnative at 15 wt %,
and 40 wt % waste oxide loading.
7. The material balance for the Intermediate Separations case was used for the Phased
Implementation alternative and was modified to account for additional radionuclide
separations.
8. For purposes of interim onsite storage and transportation to the reposito ry 4 of the lx
cans are assumed to be placed into an HMPC or similar packaging and would be
repackaged at the repository .

i=

i'

i
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14LW conc data for RadTran	 Jacobs Engineering Group

No Separations MVHC data package values

i Mtrification	 f
Radionuclide Inventory INo Separations	 ( 1

( { 1HLW Glass (WHC data pkg) {
I ) iTotal Curies I 1

Am-241	 i i i	 1.04E+051 !
Am-243 I j	 3.32E+011 i
Cm-244 ) ( I	 L18E+O21
Cs-137 (	 3.49E+07
Ni-63 1 1	 2.69E+031
Np-237 i (	 6.97E+011
Pu-238 ( ( I	 1.08E+031 I
Pu-239 •; f I	 2.64E+041 1
Pu-240 I I 1	 6.70E+031
Pu-241 1	 7.49E+041
Ru-106 1 1 1	 3.79E-021
Sm-151 1 1 1	 6.30E+05

Sn-126 1 1	 6.27E+02
Sr-90 4.36E+07
Tc-99 1 1
	 3.21E+041

U-233 I	 1.21E-02
U-234 I I I	 2.12E-01
U-235 1 1

(	 2.06E+01
U-238 ! I

1	 4.81E+02
Zr-93 1 1	 3.94E+03
Total (m3)

1 1.36E+05
1

l I
Note: Curies from decay daughter products not included

I I' l

1
j I I

{ 1 I^

I I I 0'')t
1 I
I I

l I I

1 -	 I

l I I I
I I 1 1 ^^

I I 1 1
I I I

S I I (

I 1 1 i

I I I I

127196	 WSTLO.SD.XLS HLW conc data for RadTran
7 /r



HLW cone data for RkTran 	 Jacobs Engineering Group

%°'ge/ 6' -/s - 4'3

I	 I

No Separations Alternative New Base Case (1/26/96)
'20 ,xt% sodium oxide loading, 1.5 blending factor 	 !

Vitrification ! Calcination
{ jRadionuclide j Radionuclide

j I (Concentration { Concentration

1 ^ Curies /m"3 I ;Curies /m"3
Am-24I	 1 1 2.86E-0 11 1	 1.55E+00
Am-243	 I 1	 2 r 1= 3r V-iFS	 -	 9.12E-031 6K I	 4.94E-04
Cm-244	 I i 3.24E-041 I	 1.76E-03
Cs-137	 ; 1 1	 9.58E+01 5.19E+02
Ni-63	 I {	 7.39E-0 I I 4.00E+00
Np-237	 ! ; ;	 1.91E-04' 1.04E-03
Pu-238 1 {	 2.97E-031 I	 1.61E-02
Pu-239

1
{ 7.25E-021 3.93E-01

Pu-240 I	 1.84E-02 1	 9.97E-02
Pu-241 1 ;	 2.06E-0 11 {	 1.11E+00
Ru-106 1 1.04E-071 5.64E-07
Sm-151 1.73E+001 I	 9.38E+00
Sn-126 1 I 1.72E-031 I	 9.33E-03
Sr-90 1 1	 1.20E+021 6.49E+02
Tc-99 1 8.81E-021 4.78E-0 1
U-233 1 {	 3.32£-08 I	 1.80E-07

U-234 1 5.82E-071 3.15E-06
U-235

1 1
5.66E-051 3.07E-04

U-238 {	 1.32£-03 7.16E-03
Zr-93 ; {	 1.08E-02; 5.86E-02
Total (m3)1 { 3.64E+05 1	 6.72E+04

I I I I
I I

Number of 0.62 m"3 canisters ;	 5.87E+051
Number of 0.62 m"3 canisters per HMPC

1	 4 1 4
Number of trips to the repository 1468 w6716	 I 15th
Based on 10 HMPCs per train { I

I I	 I
Note: Curies from decay daughter products not included 1

I
I I 3 82

I I 6^ 1?-700 0
I I

I I /

I I I l	 =1u v iZ

I I I	 I^---'

I 1	 I'

I I I
I I I I ^	 I ^	 1.
I I I ,

i I I I I '

1/27/96	 WSTLOADALS HLW conc dam for RadTtan
PbVlo



HLW cone data for RadTran 	 Jacobs Engineering Group

Intermediate Separations `VHC data package values 	 1	 j

I f i	 i	 I	 I	 I	 1

! I !Radionuclide Inventory 	 !Low-Level	 Hi eh-Level
! 1	 i !	 I Waste Glass	 I Waste Glass

I I I	 I I I	 ICVm3	 i	 ICVm3
1 i I	 ! Am-241 ! !	 3.90E-021	 1.00E+0I

i I I IAm-243 i 1 1.30E-05, 3.20E-03

I C- 14 I I	 I I
I Cm-244 I I I	 4.70E-061 I	 5.90E-03

I Cs-135 I I 1	 4.80E-061 1.50£-02
Cs-137 1 1 1.20E+001 I	 3.70E+03

I 11-129 I I I
I I 1Ni-63 I	 2.60E-021 j	 2.80E+01

I I I I Np-237 1	 3.20E-051 6.60E-03
1 1Pu-238 1	 3.10E 041 1	 1.10E-01
I I 1u-239 I	 7.60E-031 I	 2,60E+00

I I I jPu-240 I	 1.90E-03 6.70E-01
I Pu-241 1 I	 6.70E-031 7.80E+00

I I Ra-226 i	 I

I I I Ru-106 I I 1	 8.50E-091 3.80E-06
I 1 ISM-151 I1 1	 3.10E-02 6.60E+01

I I I ISn-126 I I	 7.20E-041 5.00E-02
ISr-90 I 1	 4.30E+001 5.60E+03

1 I I ITC-99 I 130E-0 I I 6.30E-0 1
I 1 T i-230 I 2.30E-121 I	 4.10E-09
1 I J U-233	 I I i	 2.80E-091 I	 130E-06
1 I I U-234	 I I I	 4.90E-081 1	 2.10E-05

I I f	 I I	 I
I I I I

1 U-235 1	 4.80E-06 2.10E-03
U-238 I 1.10E-041	 I 4.80E-02

1 Zr-93	 I I I 1.60E-051 4.10E-01
I I I	 jToml (m3)31 I I 230E+051	 T 9.40E+03

I I I I I I I	 I
(Note: Curies from decay daughter products not included	 1

I I I I I	 I
I I I I I I I	 I

II I t I! I	 I
II I

II I II I I	 I
I f I	 I I	 I

I I I	 I I	 I
I I I !I I	 I

II I I I I	 I I	 I
I I I I I I	 I
I I I I i	 I I	 I

1/27/96	 WSTLOADALS HLW conc data for RadTran
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V
HLW conc data for RadTran 	Jacobsngmeering Grout)

I Intermediate Separations New Base Case (1126196) 	 j
120 %z% waste onde loading, 1.5 blending factor

,'	 I Sensitivity @ Sensitivity@I

1	 !Base Case 1	 115 wc% loading I	 ;40 wt% loading

Radionuclideinventory 	iHLW	 ! 1HLW 1	 HLW
(glass	 I	 •;glass (	 ;glass I

I	 i	 I ;Ci/m-3 I ICi/m'3 1 1CVm-3 I

1Am-241	 1	 1 ! 4.54E+001 1	 3.41E+001 !	 9.08E+00
Am-243	 1	 ! 1-1.45E-031 I	 1.09E-031 I	 2.91E-031
IC-14	 I	 I 10.00E+00I I	 0.00E+001 I	 0.00E+00
1 Cm-244	 1 I 	 2.fi8E-031 	 1	 2.01E-031 I	 5.36E-031
Cs• 135 6.81E-03!	 !	 5.11E 03 1.36E-021

jCs-137 !	 I 1	 1.68E+03' I	 176E+031 I	 3.36E+03

11-129 I	 I 1 0.00E+00 0.00E+001 I	 0.00E+00
IM-63 1	 1 1.27E-,  1	 9.54E+00 1	 2.54E+O1
INp-237 I	 ! I	 3.00E-03 I	 2.25E-031 I	 5.99E-031

Pu-238 I	 I I	 5.00E-021 1	 3.75E-02 9.99E-02
Pu-239 1	 I 1.18E+00 1	 8.86E-0 11 1	 2.36E+00
Pu-240 I	 I I	 3.04E-01 I	 2.28E-0 1 I 1	 6.09E-01

1 Pu-241 I	 1 1 3.54E+00 1	 2.66E+001 I	 7.08E+00
IRa-226 1 I I	 0.00E+00 ;	 0.00E+001
I Ru-106 I	 1 I	 1.73E-06 I	 1.29E-061 I	 3.45E-06
ISm-151 I 3.00E+01 I	 2.25E+011 5.99E+01
ISn-126 I	 ! I	 2.27E-0a1 I	 1.70E-021 1	 4.54E-02
ISr-90 1	 ! 1 2.54E+03 1.91E+031 5.09E+03
ITC-99	 I 2.86E-0 II I	 2.15E-0 1 I	 5.72E-01
I Th-230 I	 I	 I 1.86E-091 I	 1.40E-091 I	 3.72E-09
IU-233	 I I	 I 5.45E-07 4.09E-071 1	 1.09E-061

1U-234 I	 I 9.54E-06 7.15E-06 I	 1.91E-051

1 U-?35	 I 1	 1 954E-04 I	 7.15E-041 I 1.91E-031
I U-238	 I I	 I 2.18E-021 I	 1.63E-02 I 4.36E-021
IZr-93	 ! -,'1. 8 6 E -0 1 1 1	 1.40E-0 II I 3.72E-01
!Total (m3)3	 I 2.07E+04 2.76E+041 1.03E+04

I I	 ! I I	 ! I

! i	 !.	 I I	 I I

i	 I	 I I I	 I I
Number of 0.62 m"3 canisters 	 1	 1 3.34E +041 I	 4A5E+041 I 1.67E+041
Number of 0.62 m-3 can/HMPC	 I 41 1	 41 1 4
Number of HMPCs	 1 i	 1 83471 1	 111291 1 4173
Number of trips to the repository  8351 11131 1 418

I	 I	 =tea I I	 !
Note: Curies from decay daughter products not included I	 I I

I	 I	 I	 I I	 ! I
I	 I	 I I	 I I I
'	 I	 !	 !I I I I

i	 I	 i	 t	 .I I I I
I.	 !	 !	 !	 1 1	 I I I
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HLW conc data for RadTran	 J o Ef.Q'--ring Group

!	 ;Extensive Separations Data Package values

I	 jNoce: data package values modified by ECN to Rev 0 data package	 I	 !
!Radionuclide Inventory 	!HLW Glass	 i iLLW Glass

!- I	 :Base Case (A- p (Base Case (A-1A)
i I !	 1CVM3 1 1CVm3	 j	 I

Am-241 '; I	 2.09E+02 1 7.34E-04i
i	 [Am-243 I ! !	 6.69E-021 I	 2.35E-07 1

I	 1C-14 ! !	 0.00E+001 I	 0.00E+001 !
I	 Cm-244 I ! I	 2.30E-011

I	
4.56E-06 I

ics-135 ! 1	 2.91E-0 11 !	 9.16E-07;
I	 ICs-137 ! I I	 7.02E+041 1	 2.21E-0 ll I

11-129 ! 1	 O.00E+001 I	 0.00E+001 !
!	 1Ni-63 ! I	 8.47E+001 I	 1.83E+001 !

I	 I Np-237 I I I	 1.40E-0 11 I	 1.87E-051 I
I	 IPu-238 I I	 2.15E+00 7.80E-051 I

iPu-239 I I I	 525E+01 I	 1.90E-031 I
I	 1 Pu-240 1 1	 1.33E+011 I	 4.84E-0.41 I
I	 !Pu-241 I

1
1.49E+02 I	 5.41E-031

I'

IRa-226
I

1	 5AOE-10 I	 7.20E-161 I
I	 IRu-106 I

I
I	 7.58E-05 LOIE-101 I

1	 ISM-151 1 ! 1 1 1.68E-031 I
I	 !Sn-I26 I 1 1	 1.251 1.67E-061

I Sr-90 I I I	 1.07E+051 3.72E-021
1	 ITc-99 6.43E+011 I	 1.06E-031

I	 ITh-230 I I 7.80E-08 1 N£-131 I

!	 1 U-233 I I 3.68E-08 5.19E-111 I
IU-234 1 6.76E-07 9.10E-10

i	 I U-235 I 6.57E-051 I	 8.84E-081 I

IU-238 I	 1.53E-031 I 2.06E-061 I
I	 !Zr-93 I

I	
9 ME-021 I 2.68E-02i

I	 1rotal m3 I I	 4961 1 1.47E+05 I
I I I ! I

solid	 ! !
I ! I I !
I I I	 I ! !
I INote: Curies from decay daughter products not included
I !	 ! I I I I !
! I	 I I I I I

I I I I I

I	 I I I I I

I	 I I I I I I

I I	 I ! I I I I I

I I	 f I I I I I I

i I	 I I I I I I
I 1	 I I I I I I I
I I	 I I I I I I I
! I	 I I I I I I

I I.	 I I I I I I
i	 ! I ! I I I

I I	 I I i I I I !

1/27196	 WSTLOADALS HLW conc data for RadTran

X Vie-



HLW conc data for RadTraa	 Jacobs Engineering Group

Extensive Separations alternative New Base Case (1 126196)	 I

20 wt% waste oxide loadin e. . IS blending factor

!

!Extensive Separations Data Package values 	 i
I	 !

I	 IRadionuclide Inventory IHLW Glass	 I I	 !
! I I (Base Case (A-1) I	 I

!	 I jCi 1m3 I !
I	 IAm-241 I i	 1.06E+021 I	 !

IAm-243 I I !	 3.41E-021 I	 I
C-14 ! O.00E+001

i Cm-244 j I I	 1.17E-0II I I
! ICs-135 I I	 1.48E-0 1I I 1

ICs-137 I 1	 3.58E+04 I I
i 1-129 1	 O.00E+001 I I

I Ni-63 I I	 4.31E+001 I

I Np-237 I I	 7.13E-021 I

I ) Pu-238 I I I	 1.09E+001 I I

I IPu-239 I I	 2.67E+011 ! !

I Pu-240 I I	 6.77E+00 I I
I I Pu-241 I I	 7.59E+011 I I
! IRa-226 I I	 2.75E-101 !

I

I jRu- 106 I I	 3.86E-05 1 ! !
I ISM-151 I I 1	 O.00E+OOI I I
I ISn-126 I	 6.37E-0 11 I

iSr-90 1 1 i	 5.45E+041

I	 ITc-99 I ! 3.27E+011 I
I Th-230 I I	 3.97E-08I I

U-233	 I I I	 1.87E-081 I I

I	 IU-234 I 3.44E-071 ! I
I 1 U-235	 i I 335E-051 I

;U-238 7.79E-04 I !

!	 IZr-93	 I ! 4.88E 02 I I
I	 ;total m3	 ! ! 9.74E+02I ! I
I I	 I I I I

Number of 0.62 m —^ canisters	 1 13711 1 !

Number of 0.62 m'3 can/HMPCI I ! 41 1 I

Number of HMPCs I	 I I I 3931 i !

Number of trips to the reposito ry) R4 Ch	 I
401 ! !

i	 I I I I
Note: Curies from decay daughter products not included 	 ! I !

I	 I	 I	 I i I
!	 !	 I	 I	 I	 I ! I
i	 !	 I	 I	 I	 I 1 I I

I	 !	 i	 I	 I I ! !
i	 I	 I	 I	 i ! !

I
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HLW cone data for RadTran	 Jacobs Encineering Group

I	 I. I	 I

Phased Implementation alternative New Base Case (1 126196)	 j
:20 we % was te oxide loading, 15 blending, factor

I	 I : Base Case

;Radionuclide Invento ry HLW
Iglass 1

1	 j Ci/m-3 I i I I
j	 I I	 5.01E+00t:241
lAm-243	 I 1	 1.60E-031
IC-14	 I I	 0.00E+00
ICm-244	 I I	 2.68E-03 I ! I
'Cs-135 6.81E-031. I !

ICs-137 j I	 1.68E+03 I I I I

I-129 I	 0.00E+00 1 I I
Ni-63 I 1	 1.27E+01 I I 1

I Np-
237 i

i	
3.00E-03

i I 1

Pu-238 I 5.15E-02 1

I Pu-239 I I	 1.26E+00 I I
I Pu-240 I I	 3.19E-0 1 I I I 1
1 Pu-241 I 1	 3.57E+00 1

I Ra-226 I I	 0.00E+00 I I I
I

IRu-106 1 1	 1.73E-061 I I
Ism-151 1 I	 3.00E+01 I I I I
ISn-126 I I	 2.27E-02 I I I

1Sr-90	 I i	 256E+03 I	 1
ITc-99 I 1.54E+00 I

I (	 1.86E-09 1 I	 1
I

L -230
IU-233	

1 I

5.45E-071
1 I I

I U-234 1	 9.54E-061 I

I U-235	 I 9.54E-041 I I I
IU-238	 1 I	 2.18E-02 1

!Zr-93 I I 1.86E-011 I ! ! I
(Total (m3)1 I	 2.07E+041 I I I 1

! ' I r I I I

Number of 0.62 m-3 canisters 1 33386.3017 I 1 ( I

i I 1

Number of 0.62 m	 canisters
I

333871 I I

Number of 0.62 m-3 can/HMPC 41 1 I I I

Number of HMPCs 1 83471 I I I I

Number of trips to the repository 	 p (JFn i	 8351 I I I I

I 11 I I I I
Note: Curies from decay daughter produc ts not included I I i I

I	 ! I	 I I I I I

I	 I I I I I I

I	 I I	 I I I I I

I	 I I I I I	 i

I	 i I	 I I I !	 I
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HLW conc data for RadTran 	Jacobs Engineering Group

? - is-- 4

I	 ^	 I

Ex Situ / In Situ Combination dternativ-e New Base Case (1126196)
120 a¢ a waste oxide loading. IS blending factor I

I	 I	 i	 i I I
Radionuclide Invento ry 	;HLW glass I ISel Ret. Recove ry 1

I I	 i I 'fraction

I jCVm'3 I j I I
I Am-241	 I I	 6.97E+00 I	 7.67E-0 11 1

IAm-243	 I i	 2.67E-031 9.20E-01I I
IC - 14	 1 I	 0.00E+001 I	 9.00E-011 I
I Cm-244	 1 I	 1	 5.04E-031 I	 9.40E-01 I I
Cs-135 i	 !	 1.16E-021 8.50E-0 11

I Cs-137 I I	 j	 2.96E+031 I	 8.80E-0 11 I
11- 12sr I

I
I	

0.00E+00 9.00E-01
I

INi-63 I I	 2.03E+011 1	 8.00E-011 i
Np-237

I I	 i	 5.58E-031 I	 9.32E-011
1

IPu-238 I I	 3.97E-02 3.97E-0 II

Pu-239 I 1.48E+001 I	 6.27E-0 I I I
IPu-240 I I	 I	 3.69E-0 I 1 1	 6.07E-01 11

IPu-241 i I	 I	 4.01E+001 I	 5.65E-011
I Ra-226 1 I	 1	 0.00E+00 I	 8.30E-0 l I I
I Ru-106 I 1I	 1.28E-061 I	 3.70E-0I 1 1
ISM-151 1 1	 4.32E+011 I	 7.20E-011
Sn- 126 I 1	 1	 3.32E-02 I	 7.30E-011 I

-FS-r90 	 I I I	 3.56E +031 1 7.00E-01 I

ITC-99 1 1	 I	 5.15E-01 1 9.00E-0 1

ITh-230	 I I I	 3.05E-091 820E-0I

IU-233 I	 I I	 8.72E-07 8.00E-O 1 1
IU-234	 1

I	
1.54E-05 8.10E-011 I

I U-235	 1 1 I	 1.74E-03 I 9.10E-01 I I
I U-238	 I I I	 3.92E-021 I 9.00E-0 11 I
Zr-93	 1 I 1	 2.49£-0 11 I 6.70E-0 1

IToW (m3)1 I 1.03E=04' I I
I	 i I I	 I I I I
I	 I I I	 I I
f	 i ! I	 I I I I

Number of 0.62 m'3 canisters 1	 6 /(, 1 13 I 1 I

Number of 0.62 m-3 can/HMPCI 41 1 1 I

Number of HMPCs 1 	 1 I	 41741 to T4	 I I I

Number of trips to the repository1,710 p,M	 4181 gb	 I I I

I	 I	 I I	 I I I I
Note the combination alt. re trieval fraction is calculated from the % of SST and DST inventory 	 I

recovered as follows: recovery fraction = (curies recovered from SSTs + Curies from DSTs)	 I

divided by (total curies in the SSTs+total curies in DSTs)	 '	
I	 I	 I

The combination alternative volume of HLW glass is 1 2 of the Intermediate Separations	 I	 I

I	 I	 I	 i	 I	 I	 I
Note: Curies from decay daughter products not included 	

1	 I	 1
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Intermediate Separations

P/-P^
a°-

Assumptions:
L HLW glass waste oxide loading basis to be 20 wt% waste oxides (excluding Na2O and SiO2)
2. Using the WHC engineering dam package material balance calculate the waste oxide loading
and adjust mass of the glass produced to achieve a 20 wt % waste oxide loading
3. LAW glass sodium oxide loading basis is to be 15 wt%

Input Stream LAW HLW HLW fraction

STREAM 1 407 437 314 344
solids liquids FRIT GLASS FRIT GLASS

Volume kilo-liters
Speci fic Gravity
Cs and Ba, (MCI) 5.28E + 00 6.28E+01 4 .93E-01 6.74E+01 0.990011751
Sr and Y, (MCi) 1 .05E+02 2 . 10E+00 1 .90E+00 1.OSE+02 0.980392157
Tc, (MCi) 5.89E-03 2.61E-02 2 .59E-02 5 .91E-03 0.184745233
Am, (MCi) 9.51E-02 8.61E-03 8.60E-03 9.52E-02 0.917944268
Np, (MCI) 9.29E-05 1 .03E-05 1.03E-05 9.29E-05 0.900193798
Pu-239, (MCi) 2.47E-02 1.67E-03 1.67E-03 2.47E-02 0.936670459
Pu-240, (MCI)	 • 6.28E-03 4.14E-04 4.14E-04 6.28E-03 0.93815357
Pu-241,(MCi) 7.34E-02 1.49E-03 1.48E-03 734E-02 0.980104153
To

ta
l TRU, (MCi) 2.00E-01 1.22E-02 1.22E-02 2.00E-01 0.942507069

Total MCI 1 . 11E+02 6.49E+01 2 .43E+00 1.73E+02 0 .98351336
Total Mass Flow (MT) 1.94E+04 7.10E+ 05 2.81E +05 3.87E +05 1.36E+04 2.51E+04
Total Cr, (MT) 1.32E+02 5.15E+01 1.44E +02 3.96E+01
To

ta
l Na, (MT) 1.24E + 03 6.51E+04 7.18E+04 2 .33E+03

Total Si, (M'1) 5.24E+02 5 .65E+00 1.07E+05 1 . 07E+05 5 .29E+03 5 . 83E+03
To

ta
l P, (MT) 7.80E+02 8.42E+02 1.35E +03 2.72E+02

Total NO2-, (MT) 738E+01 954E+03
Total NO3-, (MT) 1.03E+03 1 .06E+05
AG+ 1.38E+00 3.28E-0 1
AG20 3.52E-0 1 1.48E+00
AL+3 2 .37E+03
AL203 1.32E+04 1.94E+04 1 1.73E+03
AL(OH)4- 4.83E+03
AM+3 2.77E-02 2.SIE-03
AM203 1 2.76E-03 3.05E-02
AS+5 4.98E-01 7.70E-0 1
AS205 1.18E+00 7.66E-0 1
B+3 9.94E-01 5.19E-0 1
8203 1.67E+00 1.75E+03 1.76E+03
BA+2 3.09E+00 7.91E-0 1
SAO 8.81&01 3.45E+00
BE+2 7 .61E-03 8.19E-02
BEO 2 .27E-0l 2.16E-02
BI+3 1 .96E+02 6 .76E+01
BI203 7.52E+01 2.19E+02
C14 4.53E-04 7.43E-04
CA+2 1.33E+02 1.67E+01
CANCRINITE 2.70E+03
CAO 3.87E+04 3.87E+04 1.89E+02
CD+2 7.93E+00 2.09E+00
CDO 2.38E+00 9.06E+00
CE+3 2.35E+02 2.37E+00
CE203 2.79E+00 2.76E+02
CL- 3.49E+00 3.11E+02
CL2
CO

CO2

CO3-2 2.75E+02 3.37E+03
CR+3 1.3213+021 1

CR203 I I 2.1IE+02 5.79E+01
CR(OH)4- 1 1.19E+02
CS+ 9.25E-02 8.19E-0 1
CS20 6.83E-03 938E-0 1
CU+2 7 .46E-01 1.77E-0 I
CUO I 1 2.21E-01 9.34E-0 1
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Intermediate Separations

CUSO4
F- 5.97E+01 1.12E+03
F2
FE+3 7.63E+02 1.44E+01
FE203 2.06E+01 1.21E+03
H2
H2O 5.07E+05
H2S
HG
HG+2 9.00E-03 9.49E-01
I- 2.02E+O1 5.46E+02
12
K+ 2.10E+01 2.19E-01
K20 2.65E-0I 2.53E+01
KEROSENE
LA+3 2.10E+01 2.19E-01
LA203 2.58E-01 2.46E+01
LI+ 2.46E-02 5.77E-03
L120 1.24E-02 5.00E+02 5.03E+02
MG+2• 1.10E+01 9.65E-0I
MGO 1.60E+00 1.88E+0I
MNO2 2.09E+02 2.17E+01 2.16E+01 2.09E+02
MO+6 8.01E-01 4.87E+00
M003 719E+00 1.22E+00
N2
NA+ 7.77E+02 651E+04
NA20 - 9.68E+04 3.14E+03
NH3
NI+3 657E+00 4.07E+00
N12FECN6 I 5.00E+02
N1203 5.72E+00 9.27E+00
NIO 1.50E-02 2.27E+02
NO
NO2
NO2- 7.38E+01 9.54E+03
NO3- 1.03E+03 1.06E+05
NP+4 1.32E-01 1.46E-02
NP02 1.66E-02 1.50E-01
02
OH- 5.00E+03 6.44E+03
PB+4 3.28E+00 1.96E+00
PB02 2.26E+00 3.79E+00
PO4-3 2.39E+03 2.58E+03
P205 3.09E+03 6.22E+02
P205:24W 5.21E-01
PU+4 4.27E-0I 2.88E-02
PUO2 3.26E-02 4.84E-01
S
SI+4 7.90E+01 5.65E+00
5102 219E+05 2.29E+05 1.13E+04 175E+04
S02
SO4-2 3.97E+01 2.01E+03
SR+2 3.64E+01 3.75E-01
SRO 4.00E-01 4.29E+01
TCO2
TC04- 5.68E-01 2.52E+00
TC207 2.39E+00 5.45E-01
TOC 1.16E+02 1.42E+03
UO2+2 1.58E+03 8.52E+01
UO3 9.02E+01 1.67E+03
V+5 1.88E-01 6.20E-02
V205 LI IE-01 3.35E-01
W+6 7.47E-0I
W02 2.91E-05 4.41E-01
W03 9.40E-01 2.06E-03
ZN+2 9.45E-01 3.59E+00
ZNO 4.46E+00 1.19E+00
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Intermediate Separations

ZR+4 2.77E+02 4.48E-0I

ZRO2 6.49E-01 6.90E+02

ZRO2:21U 4.09E+0Z 2.15E+01

WH	 pam Packa a Ba_<ir

Mass LAW waste oxides 106544.7302

LAW waste loading (waste oxide) 28%
LAW waste loading (sodium oxide) 25%
Mass HLW waste oxides 7.26E+03

HLW waste loading (waste oxides) 1 29%

HLW

20 M. %Waste oxide loading
Blending factor 1 1.25 1.5 2 3.5
Mass of glass required to achieve 25% wo loading. MT 36293.1358 45366.41975 54439.7037 72586.2716 127025.9753
additional Eric required (e uals increased glass) MT 1.12E+04 2.03E+04 2.93E+04 4.75E+04 1.02E+05

total fric required, MT 2.48E+04 3.39E+04 4.29E+04 6.11E+04 1.16E+05

glass density(MT/m3) 2.63
cullerpacking fraction 0.7 (LAW only)

Waste volume (m3) 1.38E+04 1.72E+04 2.07E+04 2.76E+04 4.83E+04

Canister Volume (m'3) 0.62
Number of Canisters (lx) 2.23E+04 2.78E+04 334E+04 4.45E+04 7.79E+04

Nu. of Canisters /HMPC 4

Number of HMPCs 5.56E+03 6.96E+03 8.35E+03 I.I IE+04 1.95E+04

/trip 556 696 835 1113 1948Number of trips 0 10 MT

Glass formulation:
(ref Ext. Sep Dam Pkg.) jacceptable range 1 1.25 1.5 21 3.5

SiO2 142 to 57 WE 9e 60.07% 64.68% 67.75% 71.59% 76.52%

B2O3 5 t 20 wt% 8.82% 9.63% 10.17% 10.84% 11.71%

Na2O 5 t 20 wt% 8.65% 6.92% 5.77% 4.33% 2.47%
Li2O Ito 7 wt% 2.5291 2.75% 2.91% 3.10% 3.35%
Fe2O3 2 to 15 WE % 333% 0.00% 0.00% 0.009. 0.00%

Cat) < or= 10 WE % 032%. 0.42% 0.35% 0.26% 0.15%

MgO < or - 8 WE % 0.05% 0.04% 0.03% 0.03% 0.01%

AI2O3 < or = 15 WE % 4.77% 3.81% 3.18% 2.38% 1.36%

ZrO2 < or = 13 wt % 1.90% 1.52% 1.27% 0.95% 0.54%

Cr2O3 <or - OS wt% 0.167. 0.13% 0.117. 0.08% 0.0576

P2O5 < or = 3 WE % 1.71% 1.37% 1.14% 0.867E, 0.49%

SO3 <or=0.5 wc%

HLW Facility Sizine
Schedule
Capacity MT/day U20C
Overall efficiency, % 36% 44% 53% 71% 124%

Required capacity MT/day (assumin 	 14 yrs ops, 60% OE) 11.84 14.80 17.76 23.67 41.43

Required operating duration yrs (assuming 20 MT/ 	 , 60% OE) 10.36 12.43 16.57 29.00

15 WE % waste oxide loading
Mass of glass re uired to achieve 15% wo loading MT 4.84E+04 6.05E+04 7.26E+04 9.68E+04 1.69E+05

Volume (m-3) 1.84E+04 2.30E+04 2.76E+04 3.68E+04 6.44E+04

Number of Canisters (lx) 2.97E+04 3.71E+04 4.45E+04 5.94E+04 1.04E+05

40 WE % waste oxide loading
Mass of glass required to achieve 40% wo loading MT I	 1.81E+04 217E+04 2.72E+04 3.63E+04 6.35E+04

Volume (m^3) 6.90E+03 8.62E+03 1.03E+04 1.38E+04 2.41E+04

Number of Canisters (lx) 1.11E+04 1.39E+04 1.67E+04 2.23E+04 3.90E+04

L W
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15 wt. % sodium oxide loadin g

Blending factor 	
I I

1 1.25 1.5 2 3.5
Mass of glass required to achieve 15% wo loading. MT 6.45E+05 8,07E+05 9.68E+05 119E+06 2.26E+06
additional frit required (e uals inc reased	 lass) MT 3.61E+05 5.26E+05 6.87E+05 I.OIE+06 1.98E+06
total frit required. MT 6.45E+05 8.07E+05 9.68E+05 1.29E+06 2.26E+06

glass density (MT/m"3) 2.63
culle[ packing fraction 0.7

Waste volume (m'3) 351E+05 438E+05 516E+05 7.01E+05 1.23E+06

Number of5300 m'3 vaults 66 83 99 132 231

LAW facility sizing
Schedule, years 14

Capacity MT/day 200

Overall efficiency, % 63% 79% 95% 126% 221%
Required capacity MT/da (assuming l4 yrs o s, 60% OE) 210.48 263.101 315.72 420.96 736.68
Requi red operating duration yrs (assuming 200 MT/da , 60% OE) 14.73 18.42 22.10 29.47 51.57

10 wt. %sodium oxide loadine

Blending factor 1 2 3.5

Mass of glass requi red to achieve 10 968000 1936000 3388000

Waste volume, m"3	
1

525801.195 1051602.39 1840304.183

Number of 5,300 m'3 vaults 99 198 3471 1

25 wt. 9e sodium oxide loadine
Blending factor	

I 1 2 3.5

Mass of glass required  to	 25 wt % Na2O 387200 774400 13552007hive

Waste Volume 210320.478 420640.956 736121.673

Number of 5,300 m'3 vaults 40 79 139

tll^ N z 44	 p ,:;	 p
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15 -1. % sodium oxide loadine
Blending factor 	 I I 1 1 1.251 1.51 2 3.5
Mass of glass required to achieve 15% we loading, MT 6.45E+05 8.07E+05 9.68E+05 1.29E+06 2.26E+06
additional frit required (equals increased glass) MT 3.64E+05 5.26E+05 6.87E+

05
1.01E+06 1.98E+06

total frit required, MT 6.45E+OS 8.07E+OS 9.fi8E+05 1.29E+06 2.26E+06

glass density (MT/m3) 2.63
culler packing fraction 0.7

Waste volume (m^3) 3.51E+05 4.38E+05 5.26E+05 7.01E+05 1.23E+06

Number of 5300 m3 vaults 66 83 99 132 231

LAW facility sizing
Schedule,years 14
Capacity MT/day 200

Overa ll efficiency, % 1 63% 79% 95% 126% 221%
Required capacity MT/day (assuming l4 rs ops, 60% OE)	 1 210.48. 263.10 315.72 420.961 736.68
Required operating du ration yrs (assuming 200 MT/day, 60% OE) 14.731 18.42 k	 22.10 29.47 51.57

10 wt. %.sodium oxide loadinz
Blending factor 1 1.25 2 3.5
Mass of glass required to achieve 10 968000 1210000 1936000 3388000

Waste volume, m3 525801.195 657251.4938 1051602.39 1840304.183
Number of 5,300 m3 vaults 99 124 198 347

25 wt. %.sodium oxide ioadinn
Blending factor 	 I	 I l 1.25 2 3.5
Mass of glass required to achive 25 wt % Na2O 387200 484000 774400 1355200

Waste Volume	 i	 i i 210320.478 262900.5975 420640.956 736121.673
Number of 5.300 m3 vaults 40 50 79 139
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Assumptions:
1. HLW glass waste oxide loading basis to be 20 wt% sodium oxides
2. Using the WHC engineering data package material balance calculate the waste oxide loading
and adjust mass of the glass produced to achieve a 20 wt % sodium oxide loading

Input Frit Output
Streaml stream407 stream437
liquids solids

Volume kilo-liters 5.85E+05
Specific Gravity 1.21E+00
Cs and Ba, (MCi) 6.28E+01 5.28E+00 6.79E+01
Sr and Y, (MCi) 2.10E+00 1.05E+02 1.07E+02
Tc, (MCi) 2.61E-02 5.89E-03 3.18E-02
Am, (MCi) 8.61E-03 9.51E-02 1.04E-01
Np, (MCi) 1.03E-05 9.29E-05 1.03E-04
Pu-239, (MCi) 1.67E-03 2.47E-02 2.64E-02
Pu-240, (MCi) 4.14E-04 6.28E-03 6.70E-03
Pu-241,(MCi) 1.49E-03 7.34E-02 7.48E-02
Total TRU, (MCi) 1.22E-02 2.00E-01 2.12E-01
Total MCi 6.49E+01 1.11E+02 1.76E+02
Total Mass Flow (MT) 7.10E+05 1.94E+04 2.50E+05 3.57E+05
Total Cr, (MT) 5.15E+01 1.32E+02 1.84E+02
Total Na, (MT) 6.51E+04 1.24E+03 6.63E+04
Total Si, (MT) 5.65E+00 5.24E+02 9.56E+04 9.61E+04
Total P, (MT) 8.42E+02 7.80E+02 1.62E+03
Total NO2-, (MT) 9.54E+03 7.38E+01
Total NO3-, (MT) 1.06E+05 1.03E+03
AG+ 3.28E-01 1.38E+00
AG2O 1.83E+00
AL+3 2.37E+03
AL2O3 1.00E+04 1.79E+04
AL(OH)4- 4.83E+03
AM+3 2.51E-03 2.77E-02
AM2O3 3.32E-02
AS+S 7.70E-01 4.98E-01
AS2O5 1.95E+00
13+3 5.19E-01 9.94E-01
B2O3 4.87E+00
BA+2 7.91E-01 3.09E+00
BAO 4.33E+00
BE+2 8.19E-02 7.61E-03
BEO 2.48E-01
BI+3 6.76E+01 1.96E+02
BI2O3 2.94E+02
C14 7.43E-04 4.53E-04
CA+2 1.67E+01 1.33E+02
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CANCRINITE 2.70E+03
CAO 3.55E+04 3.58E+04 s -
CD+2 2.09E+00 7.93E+00
CDO 1.14E+01
CE+3 2.37E+00 2.35E+02
CE2O3 2.78E+02
CL- 3.11E+02 3.49E+00
CL2
CO

CO2

CO3-2 3.37E+03 2.25E+02
CR+3 1.32E+02
CR203 2.68E+02
CR(OH)4- 1.19E+02
CS+ 8.19E-0 1 9.25E-02
CS2O 9.65E-01

CU+2 1.77E-0 1 7.46E-0 1
CUO 1.16E+00
CUSO4
F- 1.12E+03 5.97E+01
F2
FE+3 1.44E+01 7.63E+02
FE2O3 1.23E+03
H2
H2O 5.07E+05
H2S
HG
HG+2 9.49E-01 9.00E-03
I- 5.46E+02 2.02E+01
I2
K+ 2.19E-01 2.10E+01
K2O 2.56E+01
KEROSENE
LA+3 2.19E-01 2.10E+01
LA2O3 2.49E+01
LI+ 5.77E-03 2 .46E-02
LI2O 6.53E-02
MG+2 9.65E-01 1.10E+01
MGO 1.98E+01 aC^
MNO2 2.17E+01 2.09E+02 2.31E+02
MO+6 4.87E+00 8.01E-0 1
M003 8.51E+00
N2
NA+ 6.51E+04 7.77E+02
NA2O 8.94E+04
NH3
NI+3 4.07E+00 6.57E+00
N12FECN6 5.00E+02
NI2O3 1.50E+01
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NIO 2.27E+02
NO

NO2
NO2- 9.54E+03 7.38E+01
NO3- 1.06E+05 1.03E+03
NP+4 1.46E-02 1.32E-01
NPO2 1.66E-01
02
OH- 6.44E+03 5.00E+03
PB+4 1.96E+00 3.28E+00
PBO2 6.05E+00
PO4-3 2.58E+03 2.39E+03
P2O5 3.71E+03
P2O5:24W 5.21E-01

PU+4 2.88E-02 4.27E-01
PUO2 5.16E-01
S
SI+4 5.65E+00 7.90E+01
S1O2 2.04E+05 2.06E+05 ^-
SO2

SO4-2 2.01E+03 3.97E+01
SR+2 3.75E-01 3.64E+01
SRO 4.33E+01
TCO2

TCO4- 2.52E+00 5.68E-01
TC2O7 2.94E+00
TOC 1.42E+03 1.16E+02
UO2+2 8.52E+01 1.58E+03
UO3 1.76E+03
V+5 6.20E-02 1.88E-01
V2O5 4.46E-01
W+6 7.47E-01
WO2 4.41E-01
WO3 9.42E-01
ZN+2 3.59E+00 9.45E-01
ZNO 5.65E+00
ZR+4 4.48E-01 2.77E+02
ZRO2 7.07E+02
ZRO2:2H2 2.15E+01 4.09E+02

WHC data package basis:
mass waste oxides 1.08E+05 ES
waste loading (wt%) 30%
sodium oxide loading 25%

20 wt. % sodium oxide loadine
Blending factor	

1
1 1.25 1.5 2 3.5

Mass of glass required to achieve 20% sodium loading, M 4.47E+OS 5.59E+OS 6.71E+OS 8.94E+OS 1564500
additional frit required (equals increased glass) MT 9.00E+04 2.02E+OS 3.14E+05 5.37E+05 1.21E+06
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total frit required, MT 3.40E+05 4.52E+05 5.64E+05 7.87E+05 1.46E+06'

glass density (MT/m"3) 2.63
cutlet packing fraction 0.7

Waste volume (m"3) 2.43E+05 3.04E+05 3.64E+05 4.86E+05 8.50E+05
Canister Volume (m"3) 0.62
Number of Canisters (lx) 3.92E+05 4.90E+05 5.87E+05 7.83E+05 1.37E+06
Number of Canisters per HMPC 4
Number of HMPCs	 I 9.79E+04 1.22E+05 1.47E+05 1.96E+05 3.43E+05
Number of trips Q 10 HMPCs /trip 9.79E+03 1.22E+04 1.47E+04 1.96E+04 3.43E+04

Glass formulations

(ref Ext. Sep Data Pkg. acceptable range Calculated value

Si02 42 to 57 wt % 62.51% 66.33% 68.88% 72.06% 76.15%
B203 5 to 20 wt % 0.00% 0.00% 0.00% 0.00% 0.00%
Na2O 5to20wt% 20.00% 16.00% 13.33% 10.00% 5.71%
Li20 1 to 7 wt % 0.00% 0.00% 0.00% 0.00% 0.00%
Fe203 2 to 15 wt % 0.28 % 0.22% 0.18% 0.14% 0.08%

CaO < or= 10 wt % 10.87% 11.53% 11.98% 12.53% 13.25%
MgO < or = 8 wt % 0.00% 0.00% 0.00% 0.00% 0.00%
Al203 < or = 15 wt % 4.81% 4.65% 4.54% 4.40% 4.23%
Zr02 < or = 13 wt % 0.16% 0.13% 0.11% 0.08% 0.05%
Cr203 < or = 0.5 wt % 0.06% 0.05% 0.04% 0.03% 0.02%
P205 < or = 3 wt % 

1
0.83% 0.66% 0.55% 0.41% 0.247.

S03 < or = 0.5 wt %

Facility	 i in-

Schedule 14 yrs
Capacity MT/day 200

Overall efficiency, % 44% 55% 66% 87%1 153%
Required capacity MT/day (assuming 14 yrs ops, 60% OE) 182 219 292 510
Required operating duration yrs (assuming 200 MT/day, 60% OE) 13 15 20 36

15 wt % sodium oxide loading
Mass of glass required to achieve 15% wo loading MT 5.96E+05 Na2O loadin 15%
Volume (m"3) as cullet 

1

3.24E+05
Number of Canisters (lx) 5.22E+05

40 wt % sodium oxide loading
Mass of glass required to achieve 40% wo loading MT 2.24E+05 Na2O loadin 40%
Volume (m"3) as cullet 

I 1 1.21E+05
Number of Canisters (lx)

I
1.96E+05
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Assumptions:
1. HLW glass waste oxide loading basis to be 20 wt% waste oxides (excluding Na2O and SiO2)
2. Using the WHC engineering data package mate rial balance calculate the waste oxide loading
and adjust mass of the glass produced to achieve a 20 wt % waste oxide loading
not counting the SiO2 or the Na2O

I
Input Stream LAW HLW
STREAM 1 407 437 1314 1344
solids liquids FRIT GLASS FRIT GLASS

Volume kilo-liters 5.84E+05
Specific Gravity 1.21E+00
Cs and Ba, (MCi) 7.60E+00 6.72E+01 6.86E-02 7.46E+01
Sr and Y, (MCi) 1.37E+02 1.41E+00 1.40E-02 1.37E+02
Tc, (MCi) 5.89E-03 2.61E-02 1.53E-04 3.17E-02
Am, (MCi)
Np, (MCi)
Pu-239, (MCi)
Pu-240, (MCi)
Pu-241,(MCi)
Total TRU, (MCi) 1.92E-01 1.52E-02 1.20E-03 2.06E-01
Total MCi 1.45E+02 6.87E+01 8.39E-02 2.12E+02
Total Mass Flow (MT) 2.37E+04 7.06E+05 2.65E+05 3.86E+05 8.73E+02 1.32E+03
Total Cr, (MT)
Total Na, (MT)
Total Si, (MT)
Total P, (MT)
Total NO2-, (MT)
Total NO3-, (MT)
AG+ 1.38E+00 3.28E-01
AG2O 4.07E-01 1.43E+00
AL+3 2.37E+03
AL2O3 1.16E+04 1.93E+04 1.94E+02
AL(OH)4- 4.83E+03
AM+3 2.77E-02 2.51E-03
AM2O3 3.41E-05 3.32F-02
APM- 3.44E-03
AS+S 4.98E-01 7.70E-01
AS2O5 4.33E-01 1.51E+00
B+3 9.94E-01 5.19E-01
B2O3 4.82E+00 1.22E+02 1.22E+02
BA+2 3.09E+00 7.91E-01
BAO 8.76E-01 3.46E+00
BE+2 7.61E-03 8.19E-02
BEO 5.53E-02 1.93E-01
BI+3 1.96E+02 6.76E+01
BI2O3 2.90E+02 3.45E+00
C14 4.53E-04 7.43E-04
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CA+2 1.33E+02 1.67E+01
CANCRINITE 2.70E+03
CAO 3.84E+04 3.86E+04 2.34E+00'
CD+2 7.93E+00 2.09E+00
CDO 1.13E+01 1.26E-01
CE+3 2.35E+02 2.37E+00
CE2O3 2.75E+02 3.40E+00
CL- 3.49E+00 3.11E+02
CL2
CO
CO2
CO3-2 2.25E+02 3.37E+03
CR+3 1.32E+02
CR203 2.67E+02 1.38E+00
CR(OH)4- 1.19E+02
CS+ 9.25E-02 8.19E-0 1
CS2O 8.85E-04 9.64E-0 1
CU+2 7.46E-01 1.77E-01
CUO 2.57E-01 8.99E-01
CUSO4
F. 5.97E+01 1.12E+03
F2
FE+3 I	 7.63E+02 1.44E+01
FE2O3 3.74E+03 4.24E+01
H2
H2O 5.07E+05 2.11E-04 1.10E+00
H2S
HG
HG+2 9.00E-03 9.49E-01
HGO 2.07E+00
I- 2.02E+01 5.46E+02
I2
K+ 2.10E+01 2.19E-0 1
K2O 2.55E+01 2.34E-02
KEROSENE
LA+3 2.10E+01 2.19E-01
LA2O3 2.46E+01 3.04E-01
LI+ 2.46E-02 5.77E-03
LI2O 6.53E-02 1.32E+01 1.32E+01
MG+2 1.10E+01 9.65E-01
MGO 1.96E+01 2.20E-01
MNO2 2.09E+02 2.17E+01 2.31E+02 1.08E-01
MO+6 8.01E-01 4.87E+00
M003 1.03E+01 9.24E-02
N2
NA+ 3.21E+03 6.26E+04
NA2O 9.65E+04 2.40E+01 6.59E+01
NH3
NI+3 6.57E+00 4.07E+00
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NI2FECN6 5.00E+02
NI203 2.62E+02 2.82E+00
NIO 1.06E-03 1.20E+00
NO
NO2
NO2- 7.38E+01 9.54E+03
NO3- 1.03E+03 1.06E+05
NP+4 1.32E-01 1.46E-02
NP02 6.52E-03 1.66E-01
02
OH- 6.80E+03 4.64E+03
PB+4 3.28E+00 1.96E+00
PB02 1.35E+00 4.71E+00
PO4-3 2.39E+03 2.58E+03
P205 3.68E+03 3.96E+01
P205:24W 5.21E-01
PU+4 4.27E-01 2.88E-02
PUO2 5.42E-03 5.11E-01
S
SI+4 7.90E+01 5.65E+00
SIO2 2.15E+05 2.16E+05 7.13E+02 7.52E+02
S02
S03 6.22E+03 1.92E-03
SO4-2 3.97E+01 2.01E+03
SR+2 3.64E+01 3.75E-01
SRO 4.41E-03 4.33E+01
TCO2
TC04- 5.68E-01 2.52E+00
TC207 1.41E-02 2.92E+00
TIO2 3.16E-02 3.51E-04
TOC 1.16E+02 1.42E+03
UO2+2 1.58E+03 8.52E+01
UO3 2.77E+00
U308 1.08E+00 1.15E-02
V+5 1.88E-01 6.20E-02
V205 9.92E-02 3.47E-01
W+6 7.47E-01
W02 1.09E-06 2.26E-04
W03 2.10E-01 7.33E-01
ZN+2 9.45E-01 3.59E+00
ZNO 3.17E+01 4.31E-01
ZR+4 2.77E+02 4.48E-01
ZR02 6.99E+02 8.55E+00
ZR02:2H2 4.09E+02 2.15E+011 I
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Mass LAW waste oxides 121198.787
LAW waste loading (waste oxides) 31%
LAW waste loading (sodium oxide) 25%
Mass HLW waste oxides 3.42E+02
HLW waste loading 26%

HLW

20 wt. % waste oxide loading

Blending factor	 I I 1
1 1.25 1.5 2 3.5

Mass of glass required to achieve 20% wo loading, MT 1707.54219 2134.42773 2561.313278 3415.08437 5976.397648
additional frit required (equals increased glass) MT 3.88E+02 8.14E+02 1.24E+03 2.10E+03 4.66E+03
total frit required, MT 1.26E+03 1.69E+03 2.11E+03 2.97E+03 5.53E+03

glass density (MT/m"3) 2.63
cullet packing fraction 0.7 (LAW only)

Waste volume (m"3) 6.49E+02 8.12E+02 9.74E+02 1.30E+03 2.27E+03
Canister Volume (m"3) 0.62
Number of Canisters (lx) 1.05E+03 1.31E+03 1.57E+03 2.09E+03 3.67E+03
Nu. of Canisters /HMPC 4
Number of HMPCs 2.62E+02 3.27E+02 3.93E+02 5.24E+02 9.16E+02
Number of trips Q 10 HMPCs /trip 26 33 39 52 92

Glass formulation:
(ref Ext. Sep Data Pkg.) acceptable range 1 1.25 1.5 2 3.5

SiO2 42 to 57 wt % 62.58% 66.39% 68.94% 72.12% 76.21%

B2O3 5 to 20 wt % 10.32% 11.06% 11.55% 12.16% 12.95%

Na2O 5 to 20 wt % 4.48% 4.14% 3.91% 3.62% 3.25%

Li2O l to 7 wt % 1.11% 1.19% 1.24% 1.31% 1.39%

Fe2O3 2 to 15 wt % 2.48% 0.00% 0.00% 0.00% 0.00%

CaO < or= 10 wt % 0.14% 0.11% 0.09% 0.07% 0.04%

MgO <or=8wt% 0.01% 0.01% 0.01% 0.01% 0.00%
Al2O3 < or = 15 wt % 11.36% 9.09% 7.57% 5.68% 3.25%

ZrO2 < or = 13 wt % 0.50% 0.40% 0.33% 0.25% .	 0.14%
Cr2O3 < or = 0.5 wt % 0.08% 0.06% 0.05% 0.04% 0.02%

P2O5 < or = 3 wt % 2.32% 1.86% 1.55% 1.16% 0.66%
SO3 < or = 0.5 wt % 0.00% 0.00% 0.00% 0.00% 0.00%

HLW Facility Sizing
Schedule 14 yrs

Capacity MT/day 1

Overall efficiency, %	 1 33% 42% 50% 67% 117%
Required capacity MT/day (assuming 14 yrs ops, 60% OE) 0.56 0.70 0.84 1.11 1.95

Required operating duration yrs (assuming 1 MT/day, 60% OE) 9.75 11.70 15.59 27.29
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15 wt % waste oxide loading
Mass of glass required to achieve 15% wo loading MT 2.28E+03 2.85E+03 3.42E+03 4.55E+03 7.97E+03
Volume (m"3) 8.66E+02 1.08E+03 1.30E+03 1.73E+03 3.03E+03
Number of Canisters (lx) 1.40E+03 1.75E+03 2.09E+03 2.79E+03 4.89E+03

40 wt % waste oxide loading
Mass of glass required to achieve 40% wo loading MT 8.54E+02 1.07E+03 1.28E+03 1.71E+03 2.99E+03
Volume

I
I	 3.25E+02 4.06E+02 4.87E+02 6.49E+02 1.14E+03

Number of Canisters (lx) I 5.24E+02 6.54E+02 7.85E+02 1.05E+03 1.83E+03

a
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LAW

15 wt. % sodium oxide loading
Blending factor	

1 1 1.25 1.5 2 3.5
Mass of glass required to achieve 15% wo loading, MT 6.43E+05 8.04E+05 9.65E+05 1.29E+06 2.25E+06
additional frit required (equals increased glass) MT 2.57E+05 4.18E+05 5.79E+05 9.01E+05 1.87E+06
total frit required, MT 5.22E+05 6.83E+05 8.44E+05 1.17E+06 2.13E+06

glass density (MT/m" 3) 2.63
cutlet packing fraction 0.7

Waste volume (m"3) 3.49E+05 4.37E+05 5.24E+05 6.99E+05 1.22E+06

Number of 5300 m"3 vaults 66 82 99 132 231

LAW facility sizing
Schedule, years 19
Capacity MT/day 200

Overall efficiency, % 46% 58% 70% 93%j 162%
Required capacity MT/day (assuming 19 yrs ops, 60% OE) 154.61 193.26 231.92 309.22 541.14
Required operating duration yrs (assuming 200 MT/day, 60% 14.69 18.36 22.03 29.38 51.41

10 wt. % sodium oxide loading
Blending factor	 1 1 1.25 1.5 2 3.5
Mass of glass required to achieve 10 9.65E+05 1.21E+06 1.45E+06 1.93E+06 3.38E+06

Waste volume, m"3 5.24E+05 6.55E+05 7.86E+05 1.05E+06 1.83E+06
Number of 5,300 m"3 vaults 99 124 148 198 346

25 wt. % sodium oxide loading
Blending factor 1 1.25 1.5 2 3.5

Mass of glass required to achive 25 wt % Na2O 3.86E+05 4.83E+05 5.79E+05 7.72E+05 1.35E+06

Waste Volume 2.10E+05 2.62E+05 3.15E+05 4.19E+ 05 7.34E+05
Number of 5,300 m"3 vaults	 1 40 491 591 791 138
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Ex Situ alternative comparison

_ Wade Blending Canister Count (HLW) or, Canister Size Overall Duration of Trips to Reposito ry Trips to Repository
_ Loading Factor Number of LAW Vaults Vault Size Processing Plant Operations 10 rail cars/train 10 rail cars/train

weight % (m"3) Ef
fi

ciency (years) 2 can/HMPC 4 can/HMPC
No Separations
_ WHC Data Pkg. 30% 1 21400 10 36% 14 2140

Proposed DEIS 20% 1.5 587426 0.62 60% 15 29371 14686
Intermediate Separations

HLW

_ WHC Data Pkg. 45% 1 6800 1.26 25% 14 340 1 70
Proposed DEIS 20 17. 1.5 33386 0.62 60% 12 1669 835_

LAW
WHC Data Pkg  40 5300 36% 14_
Proposed DEIS 15 83 5300 60% 19

Extensive Separations

HLW

WHC Data Pkg. 34

25
E0%;I.25

502 0.62 26% 14 25  13_
Proposed DEIS 20 1571 0.62 50% 14 79 39

LAW
WHC Data Pkg. 25 40 5300 36%1 19
Proposed DEIS 15% 1	 1.25 831 5300 60%1 19

Rr444 ZG^

z^

Ra pt^
u,
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SELECTIVE RETRIEVAL INVENTORY RECOVERED
DECAYED TO 12/31/95 % OF TOTAL
Radionuclides 3WDS 3EDS 5EDS TOTAL DSTINVENTORY

14C 0 .00E+00 2 .30E+03 1.49E +00 2.30E+03 99%
90Sr 3 . 52E+04 9 . 64E+06 3.82E+03 9.68E+06 87%
90Y 3 .52E+04 9.64E+06 3 . 82E+03 9.68E+06 87%

99Tc 3.62E+03 1.51E+04 6.08E+02 1.93E+04 92%
137CS 3 .57E+06 2.08E+07 1.89E+06 2.63E+07 89%
137Ea 3.39E+06 1 . 98E+07 1.79E+06 2.50E+07 85%

154Eu 0.00E+00 7.43E+04 0.00E+00 7.43E+04 100%
237Np 0.00E+00 4 .46E+01 0 .00E+00 4.46E+011 98%
238Pu 0.00E+00 1.69E+02 0.00E+00 1.69E+02 12%

239Pu 5 . 79E+01 2 .25E+03 5.39E+01 2.36E+03 28%
240Pu 1.45E+01 5 . 98E+02 1 . 35E+01 6.26E+02 26%
241Pu 3.18E+01 1.14E+04 2 . 96E+01 1 . 15E+04 29%

241Am 5 .07E+02 4.96E+04 1.36E+02 5.03E+041, 71%
Total Curies I	 7.03E+06 6 .00E+07 3 . 69E+06 7.08E+07 87%

1

vl

^

1

(^ ul
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Table A.7
SST Radionuclide Inventory by Tank Group

f^^ A-q o

l^aQ4/ P - 1 S- q

Ra-225 1.13E-06 1.30E-06 5.22E-06 1.65E-06 2.73E-06 1.20E-05 77%
Ra-226 5.37E-08 3.24E-08 4.78E-08 2.64E-08 1.33E-08 1.74E-07 83%
Ra-228 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Rh-106 5.40E-05 1.10E-02 7.58E-02 8.60E-02 3.35E-0 1 5.08E-01 86%
Rn-219 4.57E-03 2.75E-03 8.13E-03 1.37E-03 2.34E-04 1.71E-02 85%
Rn-220 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Rn-222 5.37E-08 3.24E-08 4.78E-08 2.64E-08 1.33E-08 1.74E-07 83%
Ru-106 5.85E-05 7.82E-03 7.93E-02 9.63E-02 3.43E-02 2.18E-0 I 37%
Sb-126 7.62E+00 1.21E+01 6.24E+00 1.33E+01 2.45E+01 6.38E+01 73%
Sb-126m 5.44E+01 8.62E+01 4.46E+01 9.51E+01 1.75E+02 4.55E+02 73%
Se-79 8.02E+01 2.31E+02 4.90E+02 3.05E+01 6.15E+00 8.38E+02 92%
Sm-151 5.88E+04 9.46E+04 5.01E+04 9.46E+04 1.71E+05 4.69E+05 72%
Sn-126 5.44E+01 8.62E+01 4.46E+01 9.51E+01 1.75E+02 4.55E+02 73%
Sr-90 1.29E+06 6.84E+06 7.57E+06 4.65E+06 1.12E+07 3.16E+07 66%
Tc-99 9.67E+02 2.78E+03 5.91E+03 3.72E+02 7.43E+01 1.01E+04 92%
Th-227 4.47E-03 3.79E-03 7.88E-03 1.40E-03 1.85E-04 1.77E-02 89%
Th-228 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Th-229 1.13E-06 1.30E-06 5.22E-06 1.65E-06 2.73E-06 1.20E-05 77%
Th-230 7.89E-06 4.87E-06 6.85E-06 3.85E-06 2.73E-06 2.62E-05 82%
Th-231 6.93E+00 2.28E+00 6 .48E+00 2 .48E+00 5 .72E-0 1 1.87E + 01 91%
Th-232 1.77E-14 2.78E-14 2.93E-14 4.92E-14 4.32E-14 1.67E-13 86%
Th-234 1.65E+02 5.10E+01 1.53E+02 5.66E+01 1.37E+01 4.39E+02 91%
TI-207 4.52E-03 3.83E-03 7.97E-03 1.42E-03 1.87E-04 1.79E-02 89%
TI-208 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
11-209 3.26E-08 5.60E-08 1.18E-07 4.44E-08 4.15E-08 2.92E-07 86%
U-233 8.15E-04 8.91E-04 5.29E-03 5.72E-04 1.08E-03 8.65E-03 80%
U-234 4.28E-02 2.82E-02 3.90E-02 2.72E-02 1.90E-02 1.56E-0 1 81%
U-235 6.93E+00 2.28E+00 6.48E+00 2.48E+00 5.72E-01 1.87E+01 91%
U-236 2.08E-04 3.25E-04 3.43E-04 5.76E-04 5.06E-04 1.96E-03 86%
U-237 9.22E-02 1.21E-0 1 1.94E-0 1 2.85E-01 2.23E-0 1 9.15E-01 87%
U-238 1.65E+02 5.10E+01 1.53E+02 5.66E+01 1.37E+01 4.39E+02 91%
Y• 90 1.31E+06 6.92E+06 7.65E+06 4.69E+06 1.13E+07 3.19E+07 66%
Zr-93 3.41E+ 0 1 3.78E+02 2.23E+02 5.35E+02 1.46E+03 632.E+03 67%
TOTAL 7.95E+07 69%
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Table A.7
SST Radionuclide Inventory by Tank Group

t' ^-;.^ A- K l

^.r9-w s -1 ^ = Y ^

Radionuclide 12/31/951CURIES SELECTIVE RETRIEVAL INVENTORY RECOVERED % OF TOTAL
SST group IWSS 12WSS LESS_ 2ESS 4ESS TOW SST RAD
Number of Tanks 40 43 40 l6 10 149 NVENTORY
Ac-225 1.13E-06 1.30E-06 5.22E-061 1.65E-06 2.73E-061 1.20E-05 77%
Ac-227 4.53E-03 3.84E-03 7.99E-03 1.42E-03 1.88E-04 1.80E-02 89%
Am-241 1.52E+03 7.08E+03 7.21E+03 9.51E+03 4.07E+03 2.94E+04 89%
Am-242 2.45E+00 1.52E+01 1.82E+01 1.97E+01 7.59E+00 6.31E+0I 91%
Am-242m 2.46E+00 1.52E+0I 1.83E+01 1.98E+01 7.62E+00 6.34E+01 91%
Am-243 8.95E-0 1 6.53E+00 9.23E+00 1.15E+01 2.50E+00 3.07E+01 92%
At-217 1.13E-06 1.30E-06 5.22E-06 1.65E-06 2.73E-06 1.20E-05 77%
Ba-137m 7.12E+05 3.35E+06 3.22E+06 7.44E+04 8.29E+04 7.44E+06 88%
Bi-210 1.33E-08 7.53E-09 1.23E-08 5.85E-09 1.69E-09 4.07E-08 82%
Bi-211 4.53E-03 3.84E-03 7.99E-03 1.42E-03 1.88E-04 1.80E-02 89%
Bi-212 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Bi-213 1.13E-06 1.30E-06 5.22E-06 1.65E-06 2.73E-06 1.20E-05 77%
Bi-214 5.37E-08 3.25E-08 4.78E-08 2.63E-08 1.33E-08 1.74E-07 83%
C-14 2.48E+02 4.49E+02 1.73E+03 2.07E+02 1.62E+02 2.80E+03 93%
Cm-242 2.03E+00 1.26E+01 1.51E+01 1.63E+0I 6.29E+00 5.24E+0I 91%
Cm-244 2.58E+00 2.28E+01 4.73E+01 5.29E+01 3.94E+00 1.29E+02 94%
Cm-245 1.64E-04 1.66E-03 3.61E-03 4.05E-03 3.02E-04 9.79E-03 94%
Cs-135 1.62E+01 5.73E+01 4.72E+01 8.91E-0 1 1.47E+00 1.23E+02 85%
Cs-137 7.52E+05 3.54E+06 3.40E+06 7.86E+04 8.76E+04 7.87E+06 88%
Fr-221 1.13E-06 1.30E-06 5.22E-06 1.65E-06 2.73E-06 1.20E-05 77%
Fr-223 6.25E-05 5.30E-05 1.10E-04 1.96E-05 2.59E-06 2.48E-04 89%
I-129 1.40E+00 4.03E+00 8.59E+00 5.66E-0 1 1.10E-01 1.47E+91 92%
Nb-93m 7.44E+01 4.03E+02 3.52E+02 3.79E+02 1.11E+03 2.32E+03 76%
Ni-59 0.00E+00 0.00E+00 O.00E+00 O.00E+00 O.00E+00 O.00E+00 0%
Ni-63 4.79E+03 2.21E+04 4.81E+04 5.47E+04 9.07E+04 2.20E+05 80%
Np-237 6.93E+00 9.19E+00 4.61E+01 7.24E-02 3.46E-0 1 6.26E+01 90%
Np-238 1.13E-02 7.73E-02 8.68E-02 9.44E-02 3.31E-02 3.03E-0 1 91%

Np-239 8.95E-0 1 6.53E+00 923E+00 1.15E+01 2.49E+00 3.07E+01 92%
Pa-231 8.61E-03 6.58E-03 1.40E-02 3.13E-03 4.49E-04 3.27E-02 90%
Pa-233 6.93E+00 9.20E+00 4.61E+01 7.17E-02 3.46E-0 1 6.26E+01 90%
Pa-234 2.64E-0 1 8.16E-02 2.44E-0 I 9.06E-02 2.20E-02 7.03E-0 1 91%
Pa-234m 1.65E+02 5.10E+01 1.53E+02 5.66E+01 1.37E+01 439E+02 91%

Pb-209 1.13E-06 1.30E-06 5.22E-06 1.65E-06 2.73E-06 1.20E-05 77%
Pb-210 1.33E-08 7.53E-09 1.23E-08 5.84E-09 1.69E-09 4.07E-08 82%
Pb-211 4.53E-03 -	 3.84E-03 7.99E-03 1.42E-03 1.88E-04 1.80E-02 89%
Pb-212 0.00E+00 0.00E+00 O.00E+00 0.00E+00 0.00E+00 0.00E+00
Pb-214 5.37E-08 3.24E-08 4.78E-08 2.63E-08 1.33E-08 1.74E-

0

7 83%
Pd-107 7.49E+00 2.15E+01 4.67E+01 3.50E+00 621E-01 7.98E+O1 92%
Po-210 1.33E-08 7.54E-09 1.23E-08 5.80E-09 1.64E-09 4.06E-08 82%
Po-211 1.26E-05 7.55E-06 2.22E-05 3.49E-06 4.42E-07 4.63E-05 84%
Po-212 0.00E+00 O.00E+00 0.00E+00 O.00E+00 0.00E+00 0.00E+00
Po-213 1.11E-06 1.28E-06 5.11E-06 1.61E-06 2.67E-06 1.18E-05 77%
Po-214 5.37E-08 3.24E-08 4.78E-08 2.63E-08 1.33E-08 1.74E-07 83%
P0,215 4.53E-03 3.84E-03 7.99E-03 1.42E-03 1.88E-04 1.80E-02 89%
Po-216 0.00E+00 0.00E+00 O.00E+00 O.00E+00 O.00E+00 O.00E+00
Po-2 18 5.37E-08 3.24E-08 4.78E-08 2.63E-08 1.33E-08 1.74E-07 83%
Pu-238 1.69E+02 1.71E+02 1.62E+02 1.77E+02 1.50E+02 8.30E+02 75%
Pu-239 1.48E+03 2.17E+03 2.47E+03 4.40E+03 3.68E+03 1.42E+04 79 90

Pu-240 3.09E+02 4.80E+02 6.09E+02 1.13E+03 9.18E+02 3.45E+03 80%
Pu-24 1 3.44E+03 3.98E+03 7.65E+03 1.23E+04 7.74E+03 3.52E+04 82%
Pu-242 9.46E-06 5.80E-05 7.93E-05 8.99E-05 3.44E-05 2.71E-04 79%
Ra-223 4.53E-03 3.84E-03 7.99E-03 1.42E-03 1.88E-04 1.80E-02 89%
Ra-224 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 I O.00E+00
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Phased Implementation	 ^^^	 (j'- R G

Assumptions:
1. Phased Implementation Separations and Treatment is similar to Intermediate Se actions
except the separations for Sr. Tc, and TRU elements are taken from Extensive Separations
2. HLW glass waste oxide loading basis to be 20 wt% waste oxides
not counting the Na2O or SiO2 in the waste feed streatm
3. Using the WHC engineering data package material balance calculate the w as

te oxideloadin
and adjust mass of the 	 lass idproduced to achieve a 20 wt % we oxide loading
4. LAW lass sodium oxide loading basis is to be 15 wt%,

Input Stream LAW HLW
STREAM 1 407 437 314 344
solids liquids FRIT GLASS FRIT GLASS HLW

Volume kilo-litets fraction
Specific Gravity

Cs and Ba, (MCi) 5.28E+00 6.28E+01 6.81E-0 1 6 . 74E+01 0.99
Sr and Y. (MCi) 1.05E+02 2.10E+00 I	 1.07E+00 1.06E+02 0.99
Tc, (MCi) 5.89E-03 2 .61E-02 3 .20E-04 3 . 17E-02 0.99
Am, (MCi)	 • 9.51E-02 8.61E-03 1.04E-03 1.03E-0 1 0.99
Np, (MCi) 9.29E-05 1 .03E-05 1 . 03E406 1.02E-04 0.99
Pu-239, (MCi) 2.47E-02 1 .67E-03 2 , 64E-04 2 . 61E-02 0.99
Pu-240, (MCi) 6.28E-03 4 . 14E-04 6 .69E-05 6.63E-03 0.99
Pu-241, (MCi) 7.34E-02 1 .49E-03 7 .49E-04 7 .41E-02 0.99
Total TRU, (MCi) 2.00E-0 1 1.22E-0Z 2.12E-03 I	 2.10E-0 1 0.99
Total MCi 1.11E +02 6.49E +01 1.76E+00 1.74E+02 0.99
Total M

as
s Flow (MT) 1.94E +04 7.10E+05 2.81E +05 3.87E+05 1.36E+04 2 .51E+04

Total Cr, (MT) 132E+02 5.15E+01 1.44E+02 3.96E+01
Total Na, (MT) 1.24E+03 6.51E+04 1 7 . 18E+04 2.33E+03
Total Si, (MT) 5.24E+02 5.65E+00 1.07E+05 1 .07E+05 5 . 29E+03 5.83E+03
To ta l P. (M77) 7.80E+02 8.42E+02 1 .35E+03 2 .72E+02
Total NO2-, (MT) 7.38E+01 9.54E+03
Total NO3-, (MT) 1.03E+03 1.06E+05
AG+ 1.38E+00 3.28E-0 1
AG20 352E-0 1 1.48E+00
AL+3 2.37E+03
AL203 132E+04 1.94E + 04 1.73E+03
AL(OH)4- 4. 83E+03
AM+3 2.77E-02 2.51E-03
AM203 2.76E-03 3.05E-02
AS+5 4.98E-0 1 7.70E-0 1
AS205 1. 18E+00 7 .66E-01
B+3 9.94E-0 1 5.19E-0 1
B203 1,67E+00 1.75E+03 1.76E+03
BA+2 3.09E+00 7.91E-0 1
BAO 8.81E-0 1 3.45E+00
BE+2 7 .61E-03 8.19E-02
BEO 2.27E-0 1

I

2.16E-02
BI+3 1.96E+02 6.76E+01
B1203 752E+01 j 2.19E+02
C14 453E-04 7.43E-04
CA+2 1.33E+02 1.67E+01
CANCRINITE 2.70E+03
CAO 3.87E+04 3.87E+04 1.89E+02
CD+2 7.93E+00 2.09E+00
CDO 2.38E+00 9 .06E+00
CE+3 235E+02 2.37E+00
CE203 2.79E+00 2.76E+02
CL- 3.49E+ 00 3.11E+02
CL2

CO

CO2

CO3-2 225E+02 337E+03
CR+3 1.32E+02
CR203 2.11E+02 5.79E+01

CR(OH)4- 1.19E+02
CS+ 925E-02 8.19E-0 1
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Phased Implemenmcion	 n''

CS2O 6.83E-03 9.58E-0I I
CU+2 7.46E-01 1.77E-01
CUO 2.21E-01 9.34E-0I
CUSO4
F- 5.97E+01 1.12E+03
F2
FE+3 7.63E+02 1.44E+01
FE203 2.06E+01 1.21E+03
H2
H2O 5.07E+05
H2S
HG
HG+2 9.00E-03 9.49E-0l
I- 2.02E+01 5.46E+02
12
K+ 2.10E+01 2.19E-01
K2O 2.65E-01 2.53E+01
KEROSENE
LA+3 2.IOE+01 2.19E-0I
LA2O3	 • 2.58E-01 2.46E+01
Ll+ 2.46E-02 5.77E-03
1.120 1.24E-0Z 5.00E+02 5.03E+02
MG+2 1.10E+01 9.65E-0 1

MGO 1.60E+00 1.88E+01
MNO2 2.09E+02 2.17E+01 2.16E+01 2.09E+02
MO+6 8.01E-01 4.87E+00
M003 7.29E+00 1.22E+00
N2
NA+ 7.77E+02 6.51E+04
NA2O 9.68E+04 3.14E+03
NH3
NI+3 6.57E+00 4.07E+00
NI2FECN6 5.00E+02
N12O3 5.72E+00 9.27E+00
NIO 1.50E-02 217E+02
NO
NO2
NO2- 7.38E+01 9.54E+03
NO3- 1.03E+03 1.06E+05
NP+4 1.32E-01 1.46E-02
NPO2 1.66E-02 1.50E-01
02
OH- 5.00E+03 6.44E+03
PB+4 3.28E+00 1.96E+00
PBO2 2.26E+00 3.79E+00
PO4-3 2.39E+03 258E+03
P2O5 3.09E+03 6.22E+02
P2O5:24W 5.21E-01
PU+4 4.27E-01 2.88E-02
PUO2 3.26E-02 4.84E-01
S
SI+4 7.90E+01 5.65E+00
5102 2.29E+05 2.29E+05 1.13E+04 1.25E+04
SO2
SO4-2 3.97E+01 2.01E+03
SR+2 3.64E+01 3.75E-01
SRO 4.00E-01 4.29E+01
TCO2
TCO4. 5.68E-01 2.52E+00
TC2O7 2.94E-02 2.91E+00
TOC 1.16E+02 1.42E+03
UO2+2 IS8E+03 852E+01
UO3 9.02E+01 1.67E+03
V+5 1.88E-01 6.20E-02
V2O5 1.11E-01 3.35E-01

7.47E-01

F

W+6
WO2 2.91E-05 4.41E-01
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Phased Implemenmtion dT 1941	 4

WO3 9.40E-01 I	 2.06E-031 I

ZN+2 9 .45E-0 1 3 .59E+00
ZNO 4.46E+00 1 . 19E+00
ZR+4 2 .77E+02 4.48E-0 1
ZRO2 6 .49E-0( 6 .90E+02
ZRO2 :2H2 4 .09E+(r 2 . 15E+01

Wu	 Diu P+ ka	 B i=•

Mass LAW waste oxides 106542.3696
LAW waste loading (waste oxide) 28%
LAW waste loading (sodium oxide) 25%
Mass HLW waste oxides 7.26E+03
HLW waste loading (waste oxides) 29%

HLW

20 wt %waste oxide load'nn
Blending factor	 1 1 1.25 1.5 2 3 .5

Mass of glass required to achieve 20% wo loading, MT 36304.93905 45381.17381 54457.40858 72609.8781 127067.2867

additional frit required	 uaIs increased	 lass) MT 1.12E+04 2.03E+04 2.94E+04 4.75E+04 1.02E+05

total frit required, MT 2.48E+04 3.39E+04 4.30E+04 1.16E+05

glass density (MT/m"3) 2.63
cutlet packing fraction 0.7 (LAW only)

N2.76E+04Waste volume (m"3) 1.38E+04 1.73E+04 2.07E+04 4.83E+04

Canister Volume (m"3) 0.62
Number of Canisters(Ix) 223E+04 2.78E+04 3.34E+04 7.79E+04

Nu. of Canisters /HMPC 4
Number of HMPCs 5.57E+03 6.96E+03 8.35E+03 1.95E+04
Number of t rips 0 10 HMPCs /trip 557 696 835 11131 1946

Clz=_ fnrtnulation:
(ref Ext. Sep Data Pkg.) acce table range 1 1.25 1.5 2 3.5

SiO2 42 to 57 wt % 60.09% 64.68% 67.75% 71.597. 76.52%
B2O3 5 to 20 wt % 8.82% 9.63% 10.17% 10.84% 1 1.71%
Na2O 5 t 20 wt% 8.65% 6.92% 5.77% 4.32% 2.47%

L12O 1to7 wt% 2.52% 2.75% 2.91% 3.10 17 3.35%

Fe2O3 2 to 15 wt % 3.33% 0.00% 0.00% 0.00% 0.00%
CaO < or- 10 wt % 0.52% 0.42% 035% 026% 0.15%
MgO < or - 8 wt % 0.05% 0.04% 0.03% 0.03% 0.01%
Al2O3 < or - 15 wt % 4.77% 3.81%1 3.18 17 2.38% 1.36%
ZrO2 < or - 13 wt % 1.90% 1.52% 1.27% 0.95%e 034%

C2O3 < or - 0.5 wt % 0.16% 0.13% 0.11% 0.08% 0.05%
P2O5 < or - 3 wt % 1.71% 1.37% 1.14% 0.86% 0.49%

SO3 < or = 0.5 wt %

HLW Pec(Iity Sizinsr
Schedule 14 JUL	 I I lyr\.

Capacity MT/day 0 t	 ) i^

Overall efficiency, % 3 53% 124%

Re uired capacity MT/da (assuming 14 yrs o s, 60% OE) 11.84 14.80 . 6

R3.68E+04

41.44

Required o e
ratin	 duration yrs (assumin 20 MT/day, 60% OE) 10.36 12.43

15 %t % waste oxide loading
Mass of	 ass 

re
quired to achieve15% wo loading MT 4.84E+04 6.05E+04 7.26E+04 1.69E+05

Volume (m"3) 1.84E+04 2.30E+04 2.76E+04 6.44E+04

Number of Caniste rs (Ix) 2.97E+04 3.71E+04 4.45E+04 5.94E+04 1.04E+05

40 wt % waste oxide loading
Mass of glass re uired to achieve 40% wo loadin MT 1.82E+04 2.27E+04 2.72E+04 3.63E+04 6.35E+04

Volume (m"3) as cutlet 6.90E+03 8.63E+03 1.04E+04 1.38E+04 2.42E+04

Number of Caniste rs (Ix)	 I 1.11E+04 1.39E+04 1.67E+04 2.23E+04 3.90E+04

Page 3



1.

Phased Implementation 	
tt ' ppv ^ f 5 q /

115 -t. 	 sodium oxide Iodine
Blending factor 1 1 1.25 t.5 2 3.5 -
Mass of glass required to achieve 15% 

we 
loading. MT 6.45E+05 8.07E+05 9.68E+05 1.29E +06 2.26E+06

additional frit required (e vats increased glass) MT 3.64E +05 5.26E+05 6.87E+05 1.01E +06 1.98E+06
toml frit required, MT 6.45E+05 8.07E+05 9.68E +05 1.29E +06 2.26E+06

glass density (MT/m^3) 2.63

cutlet packing fraction 0.7

Waste volume (m'3) 3,51E+05 4.38E+05 5.26E + 05 7.OIE+05 1.23E+06

Number of 5300 m^3 vaults 66 83 99 1321 231

LAW facility sizing
Schedule, years 14

CapacityT/day 200

Overall efficiency, 9e 63% 79% 95% 126% 221%
Required capacity MT/day (assuming 14 Xts ops, 60% OE) 210.48 263.10 315.72 420.96 736.68
Required operating duration yrs (assuming 200 MT/day, 60 % OE) 14.73 18 .42 22 . 10 29.47 51.57

10 wt. % sodium oxide loading
Blending factor	 1 1 21 3.5
Mass of glass required to achieve 10 9680DOI 1936000 3388000

Waste volume, m^3	 1 525801.195 1051602.39 1840304.183
Number of 5,300 m^3 vaults 99 198 347

25 wt. 9g sodium oxide loading
Blending factor	

I	 1 1 2 35

Mass of gross required to achive 25 wt % Na2O 387200 774400 1355200

iWaste Volume 420640.956 736121.673
Number of 5.300 m^3 vaults 40 79 139

Page 4
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Alternatives Mineral Resources lira (yd) Soil Disturbance I lia (ac)

Tank Waste So lid s till Gravel Silt Rip rap Temporary Permanent

No Action Remediation None Required None Required x None Required 0 0

Total Project r None Required None Required None Required 0 17(42)

Lnsg=Term Management Remediation None Required None Required None Required 50(120) 8(20)

7'0111 Project None Required None Required None Required 50(120) 25(62)

In Situ fill and Cap Rmtiediadon 690,000 (912,1700 • None Required None Required 26(64) 17(42)

Total Project 1.10 13 +06 ( 1.3 13 06) 380,000 (500, ) 640,000 (840,00 )) 97(240) 25(62)

l it Situ Vitrilication Remedintiotl 340.000 (714,000 None Required None Required 110 (270) 17(42)

Total Project 955,ODD (1.313+0) 380,000 (500, ) 630,000 (040.000)1 180 (440) 25(62)

Ex Sim huenuedime
Separations

RemeJiatiun 317,000 (419.0001 None Required None Require) 96(240) 30(74)

Total Project 1.7E+06 (2.213+ 6) 530,(XX) (700.0(p) 800,(100	 .0113+ 6)(1 210 (520) 40 (1 W)

lix Sim Nn Separations Remediatiou 123,000 (163,000 None Required Nolte Req^ ired 68 (170) 19 (47)

Total Project 1.3E+06.(1.7 13 6) 380,000 (500, ) 640,000 (l140.OW 160 (400) 27 (67)

Iix Silt] Extensive Remediation 372,000 (492, None Required Nune Require) 97(240) 30(74)

Sl'hafallllll$
7'oult Project 1.72+06 (2.3 13 + ) 540,000 (710, ) 810,000 (I.IE+O)

-
220 (540)

-
40 (1 W)

Ex Sim/In Situ Rentediation 410,OW (542,0 70 None Require) None Reiplired 90(220) 29(72)

Cuulhinatiun T
otal Project 1.313+ 06 (1.811+116) 440,000 (580, ) 700 ,0 70 (930,	 ) 180 (440) 37(91)

I'llased Implementation

(I'II:ISe	 I)
Remedimiun 12,0 X7 (16,900) None ltcquired None Required 33(82) 0

Total Project 1.213+04 (1.612+4 None Required None Required 33(82) 0

Phase) huplcnlenlaliun
('I'uaal Alternative)

Itemediation 159,tX)O (210,000 None Itcyuired None Required 120 (300) 33 (82)

Total Project 1.5E+06 (2.013+U) 526,000 (695, ) 805,000 (1.0613+06) 240 (590) 43 (110)

6

10
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Table 5.1.1 Key Geology un it Soil Impact Parameters
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Table 5.1.1 Key Geology and Soil )nnpact Parameters (cont'd)

Allernatives Mineral Resources nl r (yd)	 - Sell Disturbance 1 ha (ac)

Cesium and Strontium Capsules Sand and Gravel Silt Rip rap Temporary Permanent

Nu Action None Required None Required None Required 0 0.6(l.5)

Onsite Disposal None Required None Required None Required 4 (10) 1.8(4.5)

Overpack and Ship None Required None Required None Required 20) 0

Vitr ify with Tank Waste Nune Required None Require) None Required 1 (2) 0

9	 Notes:
10	 'these estimates arc based tin closure of the tank farms by filling tanks and covering dmnn with a Hanford Barrier. Nunbcrs have been rounded to lwo significant digits.

I 1	 n Toml project es timates include relnediation and closure as landfill.
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Iz_
ImermedWe Separariont

Assum row:	 I	 I	 '	 I	 I I	 I i I I

L. HLW glass waste oxide loading basis co be 20 w% waste oxides (excluding Na20 and SiO2) I	 I I I
2. Using the WHC engineering dam package =cerial balance calculate the waste oxide loading I	 I I !

and adjust mass of the gims produced to achieve a 20 we 9e waste oxide loading I !	 I I I
3. LAW glass sodium oxiL*loading basis is to be 15 wc.° 	 I I	 I I I

I	 1	 I	 I I I I I I
I	 I	 I	 I ' I I I

I	 I I I	 I I

Input Scream	 I	 (LAW I	 IHLW I i IHLW fmm!on
;STRE.4N1 11	 4071 4371 I	 3141 344; I
solids	 (liquids	 I	 FFRET IGLASS FRET (GLASS

Volume kilo4icers	 I1	 1 1
Specific Gmviry	 1	 j
Cs and Sa,(MC)	 I 5.28E+001	 6.28E+011 4.93E-01 6.74E+O1 1	 0.9900L17i1
Sr and Y, (MCi)	 I	 1.05E+02	 2.10E+001	 1 1.90E+001 I 1.05E+OZ 0.9	 92157
Tc. (MCi)	 15.89E-031	 2.61E-021 2.59E-02I I 5.91E-03 1	 0.184745233
Am. (N(C!)	 I	 951E-021	 8.61E-031	 I 8.60E-03 1	 932E-02I 1	 0.917944268
N.(NLCi)	 I	 939E-051	 IME-051	 t I I i	 929E-051 1	 0.900193798
Pis-239, (MCi)	 1	 2.47E-021	 1.67E-031 1.67E-031 ! I	 2.47E-021 0.936670459
Pu-240, (MC)	 6.28E-031	 4.14E-041	 I I I	 6.28E-031 1	 0.93815357

.49E-031	 IPu-241.(hlCi)	 7.34EI	
1123E

1.48E-03 I	 7,34E-02 0.9 8 010 4 13 3
Total TRU, Q40)2.00E-011	 -021 122E-021 2.00E-0t 1	 0.942507069
TOW MCi	 1	 1.11E+021	 6.49E+01 2.43E+00 1.73E+02 0.98351336
Tom[ Miss Flow NM1	 1.94E+04	 7.10E+05	 2.81E+05 3.87E+05 1.36E+04 251E+041
Toml Cc. (MT)	 '.3'_,1+02	 5.15E+011	 i 1.44E+OZ 3.96E+01 1
ToW Na. (NiT)	 1.24E+031	 6.51E+041 I	 7.18E+041 2.33E+03
ToW5?4E+021	 5.65E+0011	 1.07E+031 1.07E+05 329E+03 5.83E+03
Toml P. (MT)	 7.80E+02	 8.42E+021 I	 1.35E+03 2.721E+02
To	 NO2-. (MT)	 7.38E+0t	 9.54E+031	 I I
ToW NO3.. (NET)	 I	 1.03E+031	 I.16E+OS I I
AG+	 I	 I.38E+001	 32SE-01	 I I	 I I I I
AG20	 I	 I	 I I	 3.52E-01 I L48E+001
AL+3	 2.37E+031	 i	 I I	 I I !
AL203	 i	 j	 I.32E+04 1.94E+041 I 1.73E+03 I
AL(OH)A-	 I	 4.83E+031	 I I	 I
AM+3	 I	 2.77E-021	 2.51E-031
AM203	 I I 2.76E-03 3.05E-02
AS +5	 1	 4.98E-017.70E-011
A5205	 I 1.18E+00 I 7.66E-01
B+3	 1	 9.94E-011	 3.19E-01	 1 1
8203	 I	 1	 1	 1 1.67E+00 1.75E+03 1.76E+03
BA+2	 I	 3.09E+001	 7.91E-011	 I
SAO	 I	 II	 I 8.81E-01 i 3.45E+00 I
BE+2	 I	 7.61E-03	 8.19E-02.	 I
BEO	 -	 1 2.27E-01 I 2.16E-0Z
B1+3	 I	 1.96E+021	 6.76E+011	 II I I	 1 I
BE203	 I	 I	 I	 I 7.52E+Ot I	 I 2.19E+021 I '
C14	 I	 4.53E-041	 7.43E-041	 I I	 I I
CA+2	 I	 1.33E+02	 1.67E+011	 I I I
CANCRINITE	 12.70E+031	 I	 i	 I 1 ! I
CAO	 I	 I	 3.87E+04 3.87E+011 I	 I 1.89E+02
CD+217.93E+001	 2.09E+001	 I I
CDO	 I 22.38E+001 I	 I 9.06E+00
CE+3	 I 2.35E+021	 2.37E+00	 I I I
CE203	 I	 I	 j	 I	 I 2.79E+001 I 2.76E+02 1
CL-	 13.49E+001	 3.IIE+021	 I I	 I I
CLZ	 I	 1	 i	 I	 I I	 I I I
co	 I	 I	 I I I I
CO2	 I	 I I I
CO3.2	 I	 2.25E+02	 3.37E+031	 I	 I I
CR+3	 I	 132E+02	 I	 I I i I
CR203	 I	 i	 i	 I 2.IIE+021	 i 5.79E+0l1
CR(OH)+	 I	 I_	 L19E+021	 I	 _	 1 I	 I	 I I
CS+	 9.23E-021	 8.19E-011	 j	 I I I
CS20	 1	 !	 I	 I	 1 6.83E-031	 I 958E-011 I
CU+2	 j	 7.46E.011I:77E-011	 ;	 1 !	 I	 I I i
CUO	 I	 I	 i	 I 2.21E-01;	 I	 I 9.34E-011 I

1127196 10:49 AM
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Intermediate Separations



^3-
Imemodiue separa iom

CUSO4 ! I I ! I I	 i !
F- - 1 5.97E+01j 1.12E+03j I I I I I
F2 I I

FE+3 7.63E+02! 1.44E+O1 I ! I ! I
FMO3 ! ! 1 2.06E +0II ! I	 111E =03: j
H2 ! I I I I

H2O I	 5.07E+05I I I I
H2S I I I I I

HG I I I

HG+2 i	 9.00E-03! 9.49E-0 1 ! ! !
I- I	 2.02E+011 5.46E+02 ! !
12 I I

K+ I 2.IOE+0t 2.19E-0 11 ! I !
KZO I

I
I 22.63E-01j 253E+011

KEROSENE I i I I I 1

LA+3 12.IOE+OII 2.19E-0 11 I ! ! ! !
LAIO3 ! ! I I	 2.58E-0 1 I	 2.46E+011 1
Ll+ !	 2.46E-02 5.77E-031 I I 1 !
WO 1 I 1 124E-02 5.00E+02 5.03E+0'!
MG+2 I.IOE+Ot 9.65E-011 I
NIGO I 1.60E+00 1	 1.38E+Oq
MNO2 !	 2.09E +02j 2.17E+01 ! !	 2.16E+01 I	 2.09E+02!
MO+6 1	 8.01E-0 1 4.97E+001

1
!

M003. I	 719E+00 1.22s+001 j

N2 I I I

NA+ I	
7.77E+02 631E+04

NA2O f 9.68E+04 3 . 14E+03
NH3 I
NI+3 6.57E+00 4.07E+00 1 ! !
N12FECN6 S.00E+02 i I I I I
N12O3 !	 5.72E+00 I	 9.27E+00
NIO I 1.50E-02 2.27E+02 1

NO 1 !
NO2 I 1 I
NO2-	 j 7.38E+01 9.54E+031 !

NO3-	 1
1.03E+03 1.06E+03

NP+4	 I 1.32E-0 1 1.46E-021 I
NPO2 1.66E-02 130E-0 I
02	 I I

OH. 5.00E+03 6.44E+03 I
PB+4	 ! 318E+001 1.96E+00
PS02 216E+00 1 3.79E+00
PO4-3 239E+03 258E+03 !

P2O5	 I 3.09E+03 62'E+02 I
P2O524W 311E-0 1

1

PU+4 417E-0 1 2.88E-02 I

PUO2	 I I 316E-02 4.84E-0 1
s I
Si+4 7.90E+OI 5.65E+00 1

5102	 ! 219E+051 219E+05 1.13E+04 1.25E+041
SO2 I

504.2	 1 3.97E+01) 2.01E+03 I
SR+2	 1 3.64E+01 3.75E-01 I
SRO	 I 4.00E-0I I 419E +Ot1

TCO2

TCO4- 5.68E01 232E+00 1

TC2O7 I f 239E+00 ! 5.45E-0I

TOC	 I 1.16E+02 1.42E+031 I I
UO2+2	 1 158E+03 8.52E+0l I I I I
UO3 ! ! 9.02E+01 1.67E+031 I

V+5 I.SSE-0 11 610E-02 I i !

V2O5 ! I I ! 1.11E-01 ! 335E-0 11
W+6	 I I 7.47E-01! I I

WO2 2.91E-05 ! I 4?IE-0!
WO3 I 9.40E-011 I 2.06E-031

7 11+2	 1 9.45E-0 1 3.59E+001 I ! I I
ZNO	 I I I I I 4.46E+00 I 1.19E+001 I

(/27796 10:49 AM	 Page 2	 Imemcdiam Sep=ioW
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fmcrmediare Separadons

ZR+4	 I	 2.77E+021 4.18E-01.' j ! 1
ZR02	 I I	 I i	 6.49E-0 11 I i	 6.90E+02 I

ZR02:2H2	 1 4.09E+021 2.15E+011	 i I I ( 1 I
I 1 I I

WH	 D,n P+ k,a B+i <: I	 i I I I I
Mau LAW wyte oxides I	 1 1106544.73021 I I
LAW waste loading (waste oxide) I	 I I	 23%I I 1
LAWwore loadin (sodium oxide) I	 I I	 25%1 1 I
Mass HLW waste oxides I	 I	 I 7.26E+031 I
HLW waste load'	 (waste oxides) 1 299.1

I	 I I I I

HLW I I I I
I I I

70 wt. %..^	 <e oy.s <ide Inadi^v 1	 I	 I 1 I

Blending factor I	 !	 11 1.2251 1.51 21 3.51 1

Mass of glass required to achievc 25% wo loading, MT 	 i 36293.13581 45366.41975154339.70371 416.2716 127025.9753
additional frit required (e uals increased glass) MT	 i	 1	 LL+ E +041 2.03E+041 2.93E+04 4.75E+04 1.0'_E+05 I
total frit required. MT I	 2.48E+041 3.39E+041 4.29E+04 6.I IE+041 1.16E+051 I

I	 I I I

lass demity (MT/m*3) 2.63	 I
culitt packing fraction 0.7 (LAW only) I

1	 I

Waste volume (m'3) I	 !	 1.38E+04 l.72E+ 2.07E+04 2.76E+041 4.83E+04
Canister Volume (e3) 0.621	 1	 1 1
Number of Canistcrs(lz) I	 I	 I	 2.23E+04 2,78E+04 3.34E+04 4.45E+04 7.79E+04
Nu. of Canisters /HMPC 4j	 1	 I

Number of HMPCs 1	 5,56E+03 6.96E+031 8.35E+03 1.11E+03 1.95E+04
Number of trips ® 10 HMPCs /trip	 I	 I	 5561 696 835 11131 1948

I	 I I I

.P<s form h[ion' i I I
(ref Est. Sep Data Pkg.) !acceptable range	 I	 11 1 •251 1.3 2 3.3

142	 ISiO2 to 57 w[ 9e	 I	 60.07% 64.689e 67.75% 71.59% 76529e
8203 5 to 20 wt %	 I	 8.82% 9.63%] 10.17% 10.84% 11.71%
Na2O 5 to 20 svt %	 1	 1	 8.65% 6.92%1 5.77% 433% 2 .47%
Li20 f to 7 wr % 1 	 232% 2.75% 2.91% 3.10% 335%
Pe203 2 to 15 v	 %	 I	 3.33%1 0.00% 0.00% 0.00% 0.00%

Ca0 < or- 10 wt %	 0.52% 0.42% 0.35% 0.26% 0.15%

MgO < or - 8 wt %	 I	 0.05%I 0.04% 0.03 7. 0.03% 0.019.1
AI203 < or = l5 wt 9<	 I	 4.779. 3.81% 3.18% 2.38% 1.369.
Zr02 < or - l3 wt %	 I	 1.90%1 IM% 127% 0.95% 054 %1
0203 <or-0.5 wt%	 1	 0.169. 0.13% 0.11% 0.08% 0< I
P205 < or - 3 wt %	 I	 1.71% 1.37% 1.14% 0.86% 0.49%I I
S03 < or - OS wt %	 I I

I I
HLW F,cili[v ci in I

Schedule 14 yrs	 I
capa, 	

MT/day ?0 	 i	 !

1 719<1Overall efficiency, % 369. 44% 53% 124%
Required capacityMT/day (murning 14 yn aj3s. 60% OE)	 1	 11.941 14.901 17.76 23.671 41.43

tO.361 12.43 16.571 29.00aired operating duEu	 ym (mITr 20 MT/da . 60% OE)

i5s C6P54M-,oxideloading	 I I
Mass of glass requfrid io achieve 15% w0 lwdmg MT	 I	 4.84E+04 6.05E+0a 7,26E+04 9.68E+04 1.69E+0SI I.

Volume (m'3)	 1	 1	 1	 11.84E+04 ?30E+041 2.76E+04 3,68E+04 6.uE+04
Number of Canisters (Ix)	 I	 (	 I	 2.91E+041 3.71E+0aI 4.45E+04 5 .94E+041 1 .06E+05 !

I	 I I I I
1	 I	 I I ^ I

9^w,	oaida,	 I	 I
Mass of glass	 uircd m achieve 40% wo loading MT	 I	 I.SIE+041 2.27E+041 2.7 'E+04 3 .63E +041 6 .33E+04 I

Volume(rti 3) !	 I	 6.90E+031 8.62E+031 1.03E+04 138E+041 2.41E+04
Number of Canisters (lx) I	 1	 I.IIE+04 1.39E+ 041 1.67E+06 2.23E+041 3 .90E+04

I	 I	 ! I

LAR'	 i I	 I I I
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Immediate Separations

I	 { ^ I I I I i	 I
IS wt. %odium omde loading 	 I 1 I 1 I I I L
Blending factor( I	 I	 11 C25 LS1 21 3.51 1

Mau of lass	 uired to achieve 15% wo loading. NIT I	 6.45E+051 8.07E+03 9.68E+051 119E +061 2.26E+06
additional (fit required (equals increased glass) NIT I	 3.64E+051 5 26E+05 6.87E+051 LOIE+061 1.98E+061 I
coal frit required, MT	 1	 1 I	 1	 6.15E+03 ' 8.07E+05i 9.68E+051 L.'_9E+061 226E+061 I

i I I I I I I
lass densic	 (MT/m'3)	 2.631 i I

culler	 aeking fraction	 0.71 I

I I I I I

Waste volume (m'3) I	 3.51E+051 4.38E+03 26E+OS 7.01E+OS 123E+06 1

I I I
Number of 5300 m'3 vaults	 1 661 99 132 231 I

I I I

LAW facilic	 sizin	 I I 1 I
Schedule, Yeats	 l4 I I

Capacity MT/da 	I	 2001 I 1 I

I I t I '
Overall efficient , % I	 6391 799 9591 126% 2217 I
R	 uired c	 acity	 T/da (assuming l4 yrs a s, 609. OE) 	 210.48 263.10 315.721 420.96 736.68
Requi red operatin	 duration ym (assuming 200 NIT/day, 607.. OE) 1	 14.731 18.42 22.10 29.47 51.57

I I I I
10',ft^% sodium oxide ioudiny I I
Blend 3.5

Mass of glass m uired m achieve 10 4SX	 1 968000 I	 1 0 00 19360001. 3388000 I

I
Waste volume. m'3	 I 1523&0 1. 195 77SI.4 1 1051602.391 1840304.183 "I -
Number of 5,300 m"3 vaults 	 I 99 t>,4 198 3471

I	 I

24'titk'R'3iTdMn2ffide lnad'mz	 I I 1
Blendin	 factor II 2 3.5 I
Mass of glaze	 ired to achive 25 m 9. Na20 387200 ' {	 y 000 774400 1355200

I	 I

Waste Volume	 I 210320.478 420640.956 736L21.673 I

Number of 5.300 m'3 vaults	 1 1	 401 79 139 1
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I	 i I I 1
15 va % u,di rn oxide Io2din;	 I I	 I I I
Blending factor	 I	 1	 I i	 ti	 1.251	 1,51 2i SSj i

Mass of gWs	 uimd co achieve 15% too loading. MT 6.45E+051	 8.07E+051	 9 .68E+051 119E +061 2.16E +061 I
additional frie required (equals increased	 lass) MT	 1 1	 3.61E+05j	 S.26E+05:	 6.87E+OS 1.01E+061 1.98E+061
toW frlt rquired. SIT	 i	 i	 i 6.35E+05I	 8.07E+051 9.68E+05 119E+061 2.26E+06'

I	 .I	 I I	 I	 I I	 I
glaze density (MT/m7)	 I	 2.631	 1 1 I	 I I

culler	 ackin	 imc[ion	 0.71	 1 1 I I	 I
i	 I	 1 1	 ^	 1 1 I !	 I

Waste volume (M^3)	 I	 I	 ! I	 3.51E+05i	 4.38E+05,	 5.26E+05 7.01E+051 1.23E + 061 I
I	 I	 I I

Number of 5300 m'3 vaults 661	 831 1321 331 1

I I

LAW facility sizing(	 I	 I I	 I
Schedule, yeah	 141 I I I	 I

Capacity MT/day	 i	 2001 I I I I
I	 I	 ! I	 I

Overall dfiiciencv. 9;	 I 639;1.	 799; 9551 126% 211%1
Required capacary	 /day (assuming 14 m o s, 60% OE) 210.481 •	 101 315.721 420.96 736.681 I

Required operuing dumtien yrs (assuming 200 Nel 	 day. 60% OE) 1	 14.73Y	 18.421 1	 22.10 29.471 51.571 I

I 1 I I

10 art. % sod ium oxide load!= !	 1
Blending factor	 I 111	 1.251 1 2 3.51 I

Mass of glens required w achieve 10 968000 1 	1210000 1936000 33880001 I
I I

Waste volume, m^3	 I 52580(.1951; 657251.4938! I 1051602.391 1840304.183 1

Number of 5,300 m"3 vaulm I 9911	 124 1 198 3471 1

1. 1

25 art % sodium oxide loading 1

Blending facto r	 1 I 	 1.251 2 3.51 I

Mass of glass required to achive 225 wt % Na2O 3872	 4940001 1 774400 13552001 1

1 1 I	 I I 1 1 1

Write Volume	 I	 I 210,20.4781 2629W59751 I 420640.9561 736121.673
Number of 5,300 m'3 vaula	 I I 4011	 501 791 139
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F.13 Backup for Table 9-19'

Resource Requirements

Table F-37 gives  the consumable resource requirements for the Tri-Pary Agr.--ment
alternative data package. Where possible the information for resource usage was taken from
the material balances in Appendix A. Exceptions are ion exchange media, decon chemicals,
glycolic acid, raw and sanitary water, and dectdciry. How these values were obtained is
defined in the Table 94 foomotes or backup. The raw material prices were taken from the
"Chemical Marketing Reporter" or from the Facility Configuration Study.

Table F-38 gives the miscellaneous resource requirements for the Tri-Patty Agr-ment
alternative data package. All of the costs for the :items were taken from the Facility
Configuration Study except for solid waste. This value is based upop engincering judgement.
The total cost for the LLW vaults in Table F-38 is a total cost which includes staffing for
construction as well as consumable resources.

_ ..	
F-99
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Table F 37. Operating Cost for Constunables.

nii

PHI Megagram $3,860 52

la WIN
$200,720

I

IM

$0 52

NgMN

$200,720

Flocculent Megagram $100 85 $8)500 $0 85 $8,5W

lot) 12=11,111ge Cubic

Meter

$1 1,000 224 $2,464,000 $0 224 $2,464,000

NaNO2 Megagram $210 54 $11,340 $0 54 $11,340

Suffur Megagram $370 127.000 $46,990,000 $0 127.000 $46,990,000

NaOl I Megagrain $250 26,200 $6,550,000 $0 26,200 $6,550,0()o

I-INO3 Megagrani $160 4,190 $670,400 $0 4 190 $670,400

NI-13 Megagram $350 8,480 $2,968,000 277 $96,950 8,757 $3,064,950

Decon

Clicillicals

Megagram $401 2,114 $847,714 3,171 $1,271,571 5,285 $2,119,295

Kerosene Megagrani $150 57,800 $8,670,(M $0 57,800 $8,670,(M

Si02 . Megagram $40 229,0W $9,160,600 1 1,;lOO $452,000 240,300 $9,612,000

Al203 Megagrain $500 13,200 ;6 , 600 1000 $0 13,200 $6,600,ow

�
�

C3

~

�� 
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Table P-37. Operating Cost for Consumables.

'7 c

- t

IN'T,(^&^/F^
p^p̂^	 '^ ^
Hky^f$.saiNO

gl^"=: t
^^^

1
t

t ;N
^r ^,

N	
I.	 t Yt

w

13203 Mcgagmin $1,000 $0 1,750 $1.,750,000 1,750 $1,750,000

1- 120 • Megagram $5,000 $0 500 .$2,500,000 500 $2,500,OW

Olycolie Acid Megagram $1,740 $0 3,500 $6,090,000 3,500 $6,090,OW

Si-iiilary Wafer Cubic $0.03 797,000 $23,910 303,000 $9,090" $33,000
Meter

13t1w_Wale'r Cubic $0.03 9,878,900 $296,367 •1,121,1 00 $33,633_ 11,000 ,000 $330,000
Meter

Steam Megagram $5 $0 $0 $0

yBetrieify Megawatt- $30 5,310,000 ..$159 1 300,000 3,690,000 $110,70O i OOO, 9,000 ,000 $270,000 ,OW
Hours

Sublolal $248,090,951 $122,903,244 $370,994,195

n

t
^

C

P
7u

0

NOIL'S:

'D icyclotxolndieoe

Cyclopenlndiene

HLW = high-level waste

LLW = low-level waste
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1r

WBM^M
M1ptI'

Solid
Waste

RENO
f^^ ;f

n

Cubic
Meter

$1,000

'^	 s
E.x	 k	 3:	 }

1,000

Ai	

^$
1

nt

$1,000,000

'.t	 '^'	 tnun

1,000

,^:2 !''

C	 o <'F

$1,000,000

'£+ Q'Y&°	 '"
of

2,000

/^nFS~%
}	 ,6H'	 y.[x	.	 's	 2.

t	 t.

$2,000,(XXl

Equipment Per Yearl 14 year $18,000,000 $252,000,000 $5,000,000 $70,000,000 $322 1000,000

Vaulls Per $5,000 ,000 45 $225,000,000 45 $225,OW,OOO

Canisters' Per $10,000 6,820 $68 0 200,000 6,820 $68,20 1,000

Containers Per $25,000 1,705 $42,625,000 1705 $42,625,(X1O

Casks Per $60,000 1,705, $102,300,000 1705 $102,31X.OW

Pads Per $26,000,000 1 $26,OW,000 1 $26,OW,(X) l

Subtotal $478,000 ,000 $310,125,UW $788,125,OW

Total From Table F-37 $248,090,951 $122,903,244 $370,994,195

Grand Total $726,090,951 $433,028,244 $1,159,119,195

Grand Tolal Minus Equipment $474,090,951 $363,028,244 $837,119,195

^rl

S

^I,U,

n
in

P>

Table F-38. Other Operating Costs.

Note:
HLW = high-level waste
LLW = low-level waste

N
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Backup to Table 6-20. Operating Costs.
. .	 . ........ .. -V ........

"M
UT

Decon Chemicals Megagram $401 2,114 $848,040

Solid Waste Cubic Meter $1,000 1,000 $1,000,000
Kerosene Megagram $150 52,100 $7,815,000
Ammonia Megagram S350 8,570 $2,999,500
Process Water Cubic Meter $0.03 972,907 $29,187

Siol. Megagram $40 204,000 $8,160,000

A1,03 Megagram $500 10,000 $5,000,000

CaO Megagram $60 35,500 $2,130,000

1,03 Megagram $1,000 so
Li3O Megagram $5,000 $o

$27,981,727

$1,998,E9-5

Sanitary Water Cubic Meter $0.03 949,390 $28,482
Raw Water Cubic Meter S0.03 3,605,940 $108,178.
Steam Megagram $5 $0
Electricity Megawatt Hours S30 4,690,000 $140,700,000

5140,836,660

$10,059,761

B-18
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Table 6-17. Process Module: . Overall Cost (1995 Dollars).

^r t	 d . ay,	 S	 '+^ aAa	 E>	

^
a	 t	 S ^:	 x,,	 y.: aProcess Module,	 x a < 

v
.	 ,,	v	 Y

a R ,	 1^Io'Separanons,	 i

Pumping/sluicing

Hydraulic retrieval

Sludge wash 0

Cesium removal 0

Other radionuclide removal '0

Low-level waste vitrification 0

Low-level waste disposal 0

High-level waste vitrification S7.30E9

Hiah-level waste disposal fee S1.29E10

Emptied sin;le-shell tank closure

Emptied double-shell tank closure

Total $2.02E10

Votes:

*Outside the scope of this document.

For additional backup information, see Appendix B.
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Table 6-18. Overall Cost Component (1995 Dollars).
t',$ ti c >q.	 s.$	 3	 g\KSlra ^T 4X "+^' iSn ]^ m	 ^s	 aS,

JM	 i	 n)"R^'Jh

.G, Ha?	 -"^,$3	s:'S`.,	 ¢ih	 '?ri^'K.sw>	 i	 'K	 C', L.

,rn°
'J^

scn^c
^M'd	 LQ'.ep8EBt10.wnS^ .,,u,F»si t• ^'i'tt	 Q^	 n	 A,^,+,v nN	 JF.i+ntJE.^,.n,:A$	 hJ..`nw.')

Capital $2.61E9 1

Operating $1.63E10'

Monitoring and maintenance $5.01E7'

Decontamination and decommissioning $9.77E84

Research and development $2.8005

Total $2.02E106

Notes:

'Total capi tal cost includes 40 percent contingency. Contingency is excluded from operating monito ring
and maintenance, decon tamination and decommissioning, research and development cost, and high-level
waste disposal.

'Total operating cost is calculated at annual operating cost (see Table 6-20). Operating costs include
startup and actual hot operations.

'Total monitoring and maintenance cost is calculated in footnote 1 of Table 6-20. Monito ring and
maintenance is for the HLW canisters stored onsite.

Total decon tamination and decommissioning cost is calculated as the sum of 30 percent of the capi ta l
cost plus three years of annual operating labor cost (Boomer et al.). Decontamination and
decommissioning is defined as the extombment of the radioactively con taminated facilities located in the
200 East Area.

'Based on the research and development costs associated with the low-level waste vitri fication Facility
(Boomer et al. 1994). Although high-level waste research and development costs are lower
($750,000,000), it is assumed that unknowns associated with no separations and the large equipment size
will require additional testing.

'Costs associated with routine tank farm operations, estimated at $4,070 million (1995 dolla rs) are not
included in these totals. In addition, costs associated with TWRS program management,
characterization, tank farm upgrades. SST saltwell pumping, and tank farm safety issues resolution are
not included.

For additional backup information, see Appendix B.

Boomer, K. D. and J. M. Colby, T. W. Crawford, J. S. Garfield, J. D. Galbraith,
C. E. Golberg, C. E. Leach, D. E. Mitchell, F. D. Nankani, B. J. Slaathaug, L. M. Swanson,
T. L. Waldo and C. M. Winkler, 1994, Tank Waste Remediation System Facility Configuration Study,
WHC-SD-WM-ES-295, Rev. 0, Westinghouse Hanford Company, Richland, Washington.

6-26



V,rHC-SD-WM-EV-103 Rev. 0

Table 6-19. Capital Cost Component (1995 Dollars).
U.

Al,	
-zo	 M .

	%-w
NO S,	 n,

Labor S1.07E91

Materials and supplies S4.610'

Equipment $8.108'
Local purchases S2.61E82

Total $2.61E9

Notes:

'See cost estimate in Appendix D.

*Assumed to be 18 percent of total materials and supplies and equipment purchases, based on
Westinghouse Hanford Company 1994 procurement.
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Table 6-20. Operating Cost Component (1995 Dollars).

Operatth m Cow Oonene s	 :	 a No Sepazatrtms s
ix,: a <h%.aaF.., £fin<?..

Labor S1.18E9t

Materials and supplies S1.40E82

High-level waste casks/canisters S 1.82E93

Equipment S2.10E84

High-level waste disposal fee S1.29E10'

Total $1.63E10

Notes:

'From Table 6-3 Operational Personnel

(227E)($130,000/yr)(14 yr operations + 2 year startup + 1.5 yr decontamination and
decommissioning)

(53 NE)(S60,000/yr)(14 yr operations + 2 year startup + 1.5 yr decontamination and
decommissioning)

(338 BU)(S90,000/yr)(l4 yr operations + 2 year startup + 1.5 yr D&D)

Total = S1.13E9

From Table 6-14 Monitoring and Maintenance Personnel

(1 E)(S130,000/yr)(6Qyr)

(I NE)(S60,000/vr)(60vr)

(8 BU)(S90,000/yr)(60 yr)

Total = S5.46E7

Grand Total = S1.ISE9

Includes cold chemicals and utilities at SIO million/year for 14 years (18% assumed to be purchased
locally).

'Based on total cost requirement of 21.400 SS unshielded canisters and 21.400 concrete interim shielding
casks. Canister/cask cost is from facility configuration study which assumes $65k for each cask and S20k
for each canister.

Based on replacement of melter at S15 million/year for 14 years (18% assumed to be purchased locally).
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Table 6-20. Operating Cost Component (1995 Dollars).

Notes (Continued):

'Table D-8 (TRW 1995) estimates the reposito ry fee for the No Separations Alternative (Case 7-5SC)
would be $8,800 million higher than the estimated reposito ry fee for Case 1C, using the TRW Tota l
System Life Cycle Cost model developed for the Offi ce of Civilian Radioactive Waste Management. Per
informal communications with Mr. Don Nitti of TRW on May 31, 1995, H anford's repository fee for
case 1C is estimated as follows:

Two repository case to ta l 
li

fe cycle cost	 = S48.294 billion

Defense program share	 = 15.7%

H̀anford's share based on ratio of number
of Hanford waste packages (2,465) to total
defense program waste packages (4,588),
from Table 2.4 (TRW 1995)	 = 53.7%

Han ford's share of Case 1C:
(548.294 billion x 0.157 x 0.537) =	 $4.072 billion

TRW, 1995, Assessment of Pre-Closure Svsrem Cost and Health and Safety Impacts of
Hanford High-Level Waste Vitrification Options on the Civilian Radioactive Waste Management System,
A00000000-01717-5707-00003, Rev. 0, TRW Environmen tal Safety Systems, Inc., Vienna, Virginia.
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Table 6-21. Overall Schedule (Calendar Year Start/Completion Date).

:r 3 	€sAciFV1Gp	 „ k Y 4
.9"nt kJ	 rn$.:'a'.k<: tii l^.i'k̂ :v: ^S E^..v	 i,k^'9. ^^Q... [bkA

a	 l^Io Separation
i,,	 9 : A:	 ,fs oax -,:., .. s3	 %iY.Cw	 0

Construction 06/1997[" - 12/2002

Operation 12/2004 - 12/2018'

Decontamination and decommissioning 01/2019 - 12/2023'-

Monitoring and maintenance 1/2005 - 12/20273

Research and development 1995 - 20054

Notes:

'Assumes high-level waste no separations will s tart operating in place of the pretreatment facility.

=Assumes 5 years per facility for decon tamination and decommissioning after 14 years of operation.

}Assumes that the high level -waste casks stored on the Hanford Site will required monitoring until they
are transported to the deep geologic repository . Monitoring and maintenance of the HLW product is
assumed to begin one month after start of operations and would continue until completion of shipping to
the geologic reposito ry. Shipment of HLW canisters to the reposito ry is assumed to occur over the
period 2017 through 2027 (TRW 1995, Table D-6).

Based on the draft multi -year program plan and will continue for one year a fter the start of operation of ' 	
lthe high-level waste facility.

Boomer. K. D. and J. M. Colby, T. W. Crawford, J. S. Garfield, J. D. Galbraith. C. E. Golberg,
C. E. Leach, D. E. Mitchell, F. D. Nank ani, B. J. Slaathaug, L. M. Swanson, T. L. Waldo and
C. M. Winkler, 1994, Tank Waste Remediation System Facilit y Configuration Study,
WHC-SD-WM-ES -295, Rev. 0, Westinghouse Hanford Company, Richland, Washington.

DOE, 1990, Radioactive Waste Management, DOE Order 5820.2A, U.S. Depa rtment of Energy,
Washington, D.C.

TRW, 1995, Assessment of Pre-Closure System Cost and Health and Safety Impacts of
Hanford High-Level Waste Vitrification Options on the Civilian Radioactive Waste Management System,
A00000000-01 71 7-5 70 7-00003, Rev. 0, TRW Environmental Safety Systems, Inc., Vienna, Virginia.
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No Separations

Assumptions:	 j
1. HLW glass waste oxide loading basis to be 20 wt% sodium oxides
2. Using the WHC engineering data package material balance calculate the waste oxide loading 	 I I

and adjust mass of the glass produced to achieve a 20 wt % sodium oxide loading I

i 1

i I
I I

(Input Frit Output I I

Streaml Istrearn,407 stream437
liquids solids 1	 1

Volume kilo-liters 5.85E+05 I

Specific Gravity 1.21E+00 I

Cs and Ba, (MCi) 6.28E+01 5.28E+00 6.79E+01 I

Sr and Y, (MCi) 2.10E+00 1.05E+021 1.07E+02 I

Tc, (MCi) 2.61E 02 5.89E-03 3.18E-02I I

Am, (MCi) I	 8.61E=03 9.51E-02 1.04E-011 I 1

Np, (MCi) 1.03E-05 9.29E-05 1.03E-041 I

Pu-239, (MCi) I	 1.67E-03 2.47E-021 2.64E-021 1 1

Pu-240, (MCi) 4.14E-04 6.28E-03 6.70E-03' j
Pu-241,(MCi) 1	 1.49E-03 7.34E-02 7.48E-021 I

Total TRU, (MCi)
I	

1.22E-02 2.00E-01 2.12E-01 I

Total MCi 6.49E+01 1.11E+02 1.76E+021 i
Total Mass Flow (MT) 7.10E+05 1.94E+04 2,50E+05 3,57E+051 I

Total Cr, (MT) 5.15E+01 1.32E+02 1.84E+02
Total Na, (MT) 6.51E+04 1.24E+03 6.63E+04 I

Total Si, (MT) I	 5.65E+00 5.24E+02 9.56E+04 9.61E+04
To	 P. (MT) 8.42E+02 7.80E+02 62E+031 I

Total NO2-, (MT) 9.54E+03 7.38E+01 I

Total NO3-, (MT)	
1

1.06E+05 1.03E+03 1

AG+ 3.28E-01 1.38E+00 I	 I

AG2O 1.83E+001 I

AL+3 2.37E+03 I
AL2O3 1.00E+04 1.79E+041 I

AL(OH)4- 4.83E+03 I
AM+3 2.51E-03 2.77E-02
AM2O3 3.32E-02
AS+S 7.70E-01 4.98E-01
AS2O5 1.95E+00 I

13+3 5.19E-01 9.94E-01 I

B2O3	
I

4.87E+00 I

BA+2 7.91E-01 3.09E+00 I
BAO 4.33E+00 !	 I
BE+2 8.19E-02 7.61E-03 I I
BEO 2.48E-01 I
BI+3 6.76E+0I 1.96E+02 I 1 I
BI203I 2.94E+02
C14 7.43E-04 4.53E-04 I I	 I -
CA+2	 I 1.67E+01 1.33E+02 I I	 I
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CANCRINITE j I	 2.70E+03 1 I I I I

CAO I I I	 3.55E+04f 3.58E+04 -)^- ^- 1 I

CD+2 I	 2.09E+001 7.93E+001 I I I
CDO I 1 1.14E+011

I 1

CE+3 2.37E+00I 2.35E+021 I I

CE2O3 I I I 2.78E+021
1

CL- 3.11E+02 3.49E+001 I 1
CL2 I I 1
CO I I I I I

CO2 I I I I

CO3-2 I	 3.37E+031 225E+02
CR+3 I	 1.32E+021 I

CR203 1 I	 2.68E+021 I I
CR(OH)4-

I	 1.19E+021
I

CS+ 8.19E-01 9.25E-021 1

CS2O
1 1 I 9.65E-01 1

CU+2 1.77E-0 1 7.46E-0 1
CUO I I I

1.16E+00 I

CUSO4 I I

F- 1.12E+031 5.97E+01
I

F2
FE+3 I	 1.44E+011 7.63E+02
FE2O3

I
I	 1.23E+03

H2
H2O I	 5.07E+051
H2S

1

HG i

HG+2	
i 9.49E-01 9.00E-031

I- 5.46E+02 2.02E+01
I2

1 I

K+	
1 2.19E-0 1 2.10E+O1

K2O 2.56E+01 1

KEROSENE 1

LA+3 2.19E-0 1 1 2.10E+01
LA2O3	

1 2.49E+01
LI+ 5.77E-03 2.46E-02
L12O	 I I I 6.53E-02
MG+2 9.65E-0 1 1.10E+011 I

MGO 1.98E+01 aC--̂
MNO2 2.17E+01 2.09E+02 2.31E+02
MO+6 4.87E+00 8.01E-0 1
M003 I 8.51E+001 1

N2 I I

NA+	 1 6.51E+04 7.77E+021
NA2O

I I
8.94E+04 1

NH3	 i I i. 1 1
NI+3	 I 4.07E+00 6.57E+001 1

NI2FECN6 I 5.00E+02 I

NI2O3	 I I 1 1 1.50E+O1 I 1
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No Separations

NIO 1	 2.27E+021 I
NO I ( 1

NO2 I I
NO2- 954E+03 7.38E+01
NO3- i	 1.06E+05 1.03E+03^
NP+4 1.46E-02 1.32E-0 1 1

NPO2 1.66E-0 1
02
OH- 6.44E+03 5.00E+03 1

PB+4 1.96E+00 3.28E+00
PBO2

I I
I	 6.05E+001

I

PO4-3 I	 2.58E+03 2.39E+031 I I I
P2O5

I 1 3.71E+03
P2O5:24W I	 531E-0 1
PU+4 2.88E-021 4.27E-011

1

PUO2 I	 5.16E-0 1
S
SI+4 5.65E+001 7.90E+01
SIO2 I	 2.04E+05 2.06E+05
SO2
SO4-2 2.01E+03I 3.97E+011 I
SR+2 3.75E-0 1 3.64E+01
SRO I 4.33E+01
TCO2

I

TCO4- 2.52E+00 5.68E-0 1
TC2O7 I 2.94E+00
TOC 1.42E+03 1.16E+02
UO2+2 8.52E+01 1.58E+03
UO3

I 1.76E+03
V+5 6.20E-02 1.88E-0 1
V2O5 1 4.46E-01
W+6 7.47E-01^ I
WO2 4.41E-01
WO3 9.42E-011

ZN+2 3.59E+00 9.45E-011
I

ZNO
I

5.65E+00
ZR+4 4.48E-0 1 2.77E+02
ZRO2

I
I

I 7.07E+021
ZRO2:2H2	 I 2.15E+01 4.09E+021 I

I
WHC data package basis:
mass waste oxides 1 I LOBE+OS /	 S
waste loading (wt%) 30%I
sodium oxide loading ?5%

I
20 wt. % sodium oxide loadino I I
Blending factor 1	 1 1.25 1.5 2 3.5

Mass of glass required to achieve 20% sodium loading, M I 4.47E+05 1 5.59E+05^ 6.71E+OS 8.94E+05 1 1564500

additional frit required (equals increased glass) MT 9.00E+041 2.02E+05 #14E+051 5.37E+05 1.21E+06
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	 33_

total frit required, MT	 I ! 3.40E+051 4.52E+051 5.64E+051 7.87E+051 1.46E+06'

glass density (MT/m"3) 1	 2.631
cutlet packing fraction	 I	 0.71 I !

Waste volume (m"3)	 I 1 2.43E+05 3.04E+05 3.64E+05 4.86E+051 8.50E+05
Canister Volume (m"3) 1	 0.621 1 1 1

Number of Canisters (lx) 1	 3.92E+05 4.90E+051 5.87E+051 7.83E+051 1.37E+06
Number of Canisters per HMPC I	 4 1 1 I

Number of HMPCs	 I ! I	 9.79E+04 1.22E+OS -051 1.96E+051 3.43E+05
Number of trips 0 10 HMPCs /t rip I	 9.79E+03 1.22E+04 1.47E+04 1.96E+04 3.43E+04

I ^ ^
Glass formulation: I 1

(ref Ext. Sep Data Pkg.I acceptable rangel Calculated value

•SiO2 142 to 57 wt % I	 62.51% 66.33% 68.88% 72.06%1 76.15%
B2O3 15 to 20 wt % 1 0.00% 0.00%1 0.00% 0.00%1 0.00%
Na2O 15 to 20 wt %	 i 1 20.00% 16.00% 13.33%1 10.00%1 5.71%

Li2O I 1 to 7 wt % 1 0.00% 0.00% 0.00% 0.00% 0.00%

Fe2O3 12 to 15 wt 90	 1 0.28% 0.22 %1 0.18% 0.14% 0.08%

CaO < or= 10 wt %1 10.87% 11.53% 11.98 %1 12.53%1 13.25%
MgO 1 < or = 8 wt %1 0.00% 0.00% 0.00% 0.00 %1 0.00%

Al2O3 < or = 15 wt % 4.81% 4.65% 4.54% 4.40 %1 4.23%

ZrO2 < or = 13 wt % 0.16 % 0.13% 0.11% 0.08 %1 0.05%
Cr2O3 < or = 0.5 wt % 0.06% 0.05% 0.04 %1 0.03% 1 0.02%

P2O5 < or = 3 wt %1 0.83% 0.66% 0.55%1 0.41 %1 0.24%

SO3 <or=0.5wt%	 ! I

Facility Sizin¢ 1 1

Schedule	 114 yrs
Capacity MT/day 2001 1

Overall efficiency, % 44% 55% 66% 87%1 153%
Required capacity MT/day (assuming 14 yrs ops, 60% OE) 1

1821 2191 2921 510
Required operating duration yrs (assuming 200 MT/day, 60% OE) 131 151 201 36

1	 1

15 wt % sodium oxide loading	 I	 I 1 I 1

Mass of glass required to achieve 15% wo loading MT 	 5.96E+05 Na2O loadin 15%

Volume (m"3) as cutlet I	 3.24E+05
Number of Canisters (lx)	 I	 5.22E+051 1

1I	 I	 I I

40 wt % sodium oxide loading	
1	 1 1

Mass of glass required to achieve 40% wo loading MT	 2.24E+05 1 1Na2O loadin 1 40%

Volume (m"3) as culler 1	 I	 1	 1.21E+05 1

Number of Canisters (lx) 	 !	 I	 1.96E+051 i I I
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V. -
su ndcas

1. HLW glass for any of the ex situ alternatives involving separations is calculated ac
20 wt `7 waste oxides. The waste oxides exclude silica and sodium.
2. The HLW for the No Separations cue is calculated at 20 wt % sodium oxide.
Noce: EA glass Iimits are 179 Na2O and 4.3% LLO and each Li2O is equivalent co 2
Na20 so the EA glass is equivalent to 25 % `ta20 without any LU0. The privatization RFP
states that the HLW glass will be 25 wt % waste oxides nor counting the Na2O or SM.
3. The LAW glass composition is calculated at 15 wt % Na20.
4. The canister size for all HLW is sec ac 0.62 m"3 ( 1X canister)
5. The material balances contained in the WHC data packages were used to calculate
the waste oxides for the HLW and LAW streams.
6. Sensitivity analysis will be done for the Intermediate Separations alternative at 15 wt %,
and 40 wt % Ivaste oxide loading.
7. The material balance for the Intermediate Separations case was used for the Phased
Implementation alternative and was modified to account for additional radionuclide
separations.
8. For purposes of interim onsite storage and transportation to the repository 4 of the ix
cans are assumed to be placed into an HMPC or similar packaging and would be
repackaged at the repository.

Page t	 ij Z/fJ
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HLW conc data for RadTran 	 Jacobs EnSineo::ng Grotty

No Separations NVEC data package values

1	 I	 ivicrificarion	 j

Radionuclide Iaventory j No Separatioas	 j	 !

i I iHLW Glass (WHC data pka) 	 i

I f
iTotal Curies_	 .- - I

Am-241 I I	 1.04E+O3 1 i
Am-243	 .' 1 i	 3.32F --oil i

Cm-244	 I 1 1.18E=02 1

CS-137	 I 1	 3.49E+071 I
Ni-63	 ( 1 ;	 2.69E+051 {

No-237	 1 1 1	 6.97E+011 {

Ptt-238	 1 i I	 1.08E+031 {
Pu-239 I 2.6:E+04i I
Pu-240 I i 1	 6.70E+03 I

Pu-241 1 j	 7.49E=041 1
Ru-106 j i	 3.79E-021 I
Sm-151 j 1 1	 6.30E+051 I
Sn- 126 I 1 6.27E 1-021 {

Sr-90 i 1 1	 4.36E+071 I
Tc-99 I j	 3 TIE=041 1

U-233 { j i	 1?IE-02
U-234 I I j	 2.12£-0 1
U-235 { 1 I	 2.06E+011 {
U-m j {	 4.81E+0'Ll {
Zr-93	 1 j	 3.94£+03 I
Total (m3N {	 1.36E-05 I

! I I I	 1

{ I f

Vote: Curies from decay dauahmr producrs aac included 	 I i

I I	 I 1 I

!	 I 1 I I

A	 s I I 1

I	 1 1 ^I

i	 I i I I
I	 I l
I	 i I f

I	 f 44A I ti

I	 I I I ^
I	 I 1 I

! 1 I ^'	 I
^	 I 1 1/ 11

i	 1 i I i
I	

f I .^/	 I I

I	 I I `	 l

1	 i 1 I^ !
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HLW coat da- ta for Red T ran	 12cobs	 Group

No Separations Alternative New Base Case (1126196)
`20 %-c% sodium oxide loading . 1.5 blending Factor 	 •.

Vitrification	 ! Calcination
! j Radionuclide j Radionuclide

I I Concentration Concentration

1 !Curies IM -3 I ;Curies /m'3
Am-241	 I	 I !	 2.86E-0 11 j	 1.55E-*

I	 I	 2 £!	 3cFfFS

I
Cs- 137

9.I2E-051 gf-. I	 44.94E 0
Cm-244	 ;	 ! 1	 334E-041 1	 1.76E-03

I	 1 1	 9.58E =01 I I	 5.19 E =02
Ni-63	 I	 I I	 7.39E-0 II !	 4.00E=00
Nn 237	 ! !	 1.91E-041 1.04E 03
Pu-238	 1 !	 2.97E-031 (	 1.61E-03

Pu-239	 { 1 !	 7.25E-021 !	 3.93E-0 I
Pu-240 1 1	 1.84E-0-1 1	 9.97E-02

Pu-241	 j ! 1	 2.06E-0 11 !	 1.11E=00
Ru-106	 1 ! 1	 1.04E-071 !	 5.64E-07
Sm-151	 I ! I	 1.73E-7-001 !	 9.38E=00
Sn- 126	 ! 1 1.73E-031 !	 9.33E-03
Sr-90	 1 ! I	 130E+021 I	 6.49E+02
Tc-99	 1 1 1	 8.81E-02 !	 4.78E-0 1
U-233	 I ! 3.32E-081 !	 1.80E-07
U-234	 1	 I I	 5.82E-071 {	 3.15E-06
U--?j-5	 1	 I 5.66E-05 !	 3.07E-04
U-238	 1	 1 1	 1.32E-03 !	 7.16E-03
Zr-93	 I 1.08E-021 5.86E-03
Tots! (m3)1	 1 1	 3.64E=051 1	 6.72E+04

!	 I !	 I I
I I !

Number of 0.62 m j canisters !	 5.87E=051 ! 108388
Number of 0.62 m-) canisters per MKPC 1	 4' !
Number of trips to the repository 	I 1468 ,  !,

 

1411,71 2710
Based on 10 HWCs Der train 	 I I

I	 I	 ! I I
Note: Curries from decay daughter products not included	 1 !

I	 I	 I I 1
I	 I	 I I I /
!	 !	 I I I
I	 !	 I I ^

1	 ! I IU,	 I
I	 I	 ( I I
I	 I	 I I I
I	 I	 I I I
I	 !	 1 I
I I	 1 I I
i	 i	 I I
( I	 I I I

l0 A

f
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HLW conc data for RadTrn 	 Jacobs En nee._; Group

!Intermediate Separations NVHC data package values

!	 !	 I	 I	 !	 I	 1

!	 i	 ;Radionuc lide Inventory	 :Low-L--vet	 High-Level

! !Waste Glass	 !Waste Glass

I	 I	 I	 ! (! 1Ci/m3	 !	 !CUm3
!	 i	 ;	 Am-24I !	 3.90E-03:	 1.00E+0t

Am-243 I 1.30E-05: j	 3.20E-03

I	 I	 1 C-14 I I I	 I I

! !	 I	 1Cm-244 1 ( I	 4.70E-061 I	 3.90E-03

1 I	 I	 ICs-135 1 1 I	 4.80E-061 1	 150E-02

! I	 I	 ICs-137 f l 1	 120E=001 !	 3.70E=03

! !	 I 1 1-129 I I 1	 1 I
1 !	 !	 :Ni-63 i !	 2.60E-02! j	 2.80E+01

! 1	 1	 1Np-237 I I I	 3.20E-051 I	 6.60E-03

I^ I	 I	 I pu-138 11 1	 3.IOE-041 I	 1.10E-01
! 1	 I	 IPu-239 1 1 !	 7.60E-031 1	 2.60E+00

I	 I	 !Pu-240 1 1 I	 1.90E-031 i	 6.70E-0 1

1	 IPu-241 (I 6.70E-031 I	 7.80E=00

I	 I	 I Ra-226 I I I	 I I

I	 I R u-10 6 I I I	 8.50E-091 I	 3.80 E-06

I j	 1	 ISM-151 1 1 1	 3.10E-021 I	 6.60E a-,

!	 I	 ISn-126 I I I	 7.20E-041 I	 5.00E-02

I I	 I	 ISr-90 ( I	 4.30E=001 I	 5.60E+03

I !	 I	 ITC-99 I	 I I	 120E-01 I	 6.30E-01

1	 I -M-230 I I 1	 230E-121 I	 4.20E-09

1	 !	 1U-233	 I I 1	 2.80E-091 !	 120E-06

I I	 t	 IU'+	 I I 1	 4.90E-08 1 !	 2.10E-05

I I	 I	 I	 I I I	 I I

I I	 I	 I I I	 I	 I

! 1 I	 IU-235	 I I I	 4.80E-061	 1 2.10E-03
! !	 IU-238	 1 1 1	 1.10E-041	 I 4.80E-02

I I I	 IZr-93	 I I I	
1.66E-0:51	 I 4.IOE-01

I I	 ITotal (m3)31 1 I	 3.10E+051	 1 9.40E+03

I 1 i	 I	 I I	 I	 ^
(Note: Curies from decay da"Tr products not included	 !	 I

I I I I I ! (	 I
I I 1 1	 I I I I	 I
f I I I	 I i I	 I

I. I ! I	 I I I	 I
I ! I I	 I I ! I	 I
I I I I	 I I I !	 I
I I I I	 I I I I	 I
I I I I	 I I I !	 i
! I I I	 I I I !	 I
I I !	 I !! I I	 I

I I I I II I !	 I

^ I I I	 I I I !	 !

! I ! I I I f i	 i

"	 I I I I I I I !	 !
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HLW conc data for 1LdTran	 Jacobs	 Group

i

Intermediate Separations New Base Case (1126196)
i20 wz l% waste oxide loading. 1.5 blending factor

!SensiI.Mcy @ Sensidviry@ 1
1 i	 !Base Case	 j { 15 wc9, loading :40 we o loading

Radionuclide Lavenrory	 !HLW IHLW	 I ;HLW
;glass	 ' : glass	 ! ; glass

1	 I I	 ICi/m 3	 ! 1CUm j	 1 ICVm-3	 i

IAm-241	 1 i	 1 4.54E=001 I	 3.41E=001 1	 9.08E+001
1AM-243	 1 1	 1.45E-031 I	 1.09E-031 1	 2.91E-031
i C-14	 I 1 0.00E +001 I	 0.00E+001 1	 0.00E =001
ICm-244	 1 1	 1	 2.68E-031 I	 2.01E-03! I	 5.36E-031
'Cs-[35 ;	 6.81E-03 i	 S.IIE-03! 1.36E-021
{Cs-137	 1 11.68E+031 I	 126E'+03 1 j	 3.36E+031

41 1-129	 I I	 1 0.00E+00 1 I	 0.00E+001 I	 0.00E+001
1Ni-63	 I i	 1.27E+011 1	 9.54E+001 I	 254E+011
1Np-237	 ! i	 I	 3.00E-031 I	 225£-031 I	 5.99E-031
IPu-a8 	 I {	 I	 5.00E-021 I	 3.75E-021 9.99E-021

1 Pu-239	 I -1 1	 1.18E-f001 I	 8.86E-0 I I I	 2.36E+001
IPu-240	 J I	 1	 3.04E-0 11 1	 225E-0 II I	 6.09E-011
I Pu-241	 I 1	 13.54E+001 I	 2.66E+OOI I	 7.08E+001
IRa-226	 ! 1	 10.00E=001 I	 0.00E+001 1	 O.00E+001

I Ru-106	 I I	 I	 1.73E-061 I	 129E-061 I	 3.45E-061
ISM-151	 1 1 3.00E+011 j	 225E +OII I	 5.99E+011
ISn-126	 1 I	 1	 227E-02J I	 1.70£-021 I	 4.54E-021
I Sr-90	 I 1	 12.54E+031 I	 1.91E+031 I	 5.09£+031
ITC-99	 J I	 2.86E-0 1I I	 2.15E-0 1 1 {	 5.72E-011
l Th-230	 I I	 I	 1.86E-091	 I 1.40E-091 I	 3.72E-091
1 U-233	 1 1	 1	 5.45E-071	 J 4.09E-07I I	 1.09E-061

JU-234	 J I	 I	 9.54E-061	 I 7.15E-061 I	 1.91E-051
1 U-235	 1 1	 1	 9.54E-041	 1 7.15E-041 1	 1.91E-031

I U-238	 I I	 I	 2.18E-0Z 1 I 1.63E-021 I	 4.36E-021
IZr-93	 ; 1	 1	 1.86£-0 11	 I 1.40E-0 II I	 3.72E-0 II
iToW (m3)3 1	 • 2.07E+041	 I 2.76E+041 1	 1.03E+041

I	 i !	 I	 11 1 I	 I

I 1	 I	 11 1 I	 J

I	 i I	 I	 {	 1 I I	 I
Number of 0.62 m-3 canisters 1	 1 3.34E+041 1 4.45E+041 i	 1.67E+041
Number of 0.62 m z can/H.1PC I	 1	 41	 1 41 1	 41

Number of EMPCs	 1 i	 1	 83471	 1 111291 I	 41731
Number or trips co Elie repository %DftA,4	 8351	 1 11131 1	 4181

!	 I ^- -a -	 I I ! I	 I
Note: Curies from decay daughter products noc included I I I	 I

I	 I !	 I	 I	 I ! 1	 i
I	 1 I	 ':	 1	 1 I i	 I

i	 I ;	 I	 1	 1 I I	 1
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HLW conc dam for RadTraIl 	 Jacobs_g ter' g Groug

;Extensive Separations Data Package values
Wore: data package values modified by ECN co Rev 0 dam oac.Wge

Radionuclide Inven[ory	HLW Glass	 i	 LL«• Glass
i	 :Base Case (A-1)	 ;Base Case (A-LA)

1CLM3 1	 ICi/m3 	'	 I

lAm-241	 !	 2.09E+021 7.34E-04!
lAm-243	 1	 1 I	 6.69E-021 2.35E-07i 	 i

I	 !C-l4	 ! !	 O:00E+001 1	 0.00E+001	 I
I	 ICm-?44	 (	 I l	 2.30E-0 11 I	 456E-061	 I

ICs-!3^	 ! ';	 291E-01! 9.16E-07;
i	 ICs-137	 !	 ! !	 7.02E+04! (	 221E-0 11	 I
!	 11-129	 1	 ! 1	 0.00E+001 I	 0.00E+005

iNi-63	 !	 ! 8.47E+001 ;	 1.83E+001	 I
!	 iNo-237	 !	 I I	 1.40E-0I1 I	 1.87E-051	 I
I 0 	Ipu-238	 I	 I I	 2.15E+001 I	 7.80E-051 	I

!Pu-239	 1	 1 !	 525E+011 !	 1.90E-03i	 !
i	 1Pu-240	 !	 ( I	 1.33E+011 I	 4.84E-041!

I	 !Pu-241	 j	 ! 1	 1.49E+021 1	 5.41E-03i	 I
(	 IRa-226	 I	 I !	 5.40E-101

1	
720E-16j

!	 1Ru-106 j	 758E-051 1	 1.0 IE-101 1

I	 ISM-151	 1	 1 1 !	 1.68E-031 I
I	 ISn-126	 1	 1 1.251 1	 1.67E-061 I
I	 ISr-90	 !	 I	 I 1.07E+051 1	 3.72E-021
! ITC-99	 I	 I	 ! 6.43E+011 I	 1.06E-031 I
!	 ITh-7-30	 !	 I	 I 7.80E-081 I	 1.04E-131 I
!	 IU-233	 (	 !	 I 3.68E-081 (	 5.19E-111 I

IU-334	 1	 1 6.76E-07( I	 9.10E-l0( 1

i	 !U'»	 I	 1	 I 6.57E-051 !	 8.84E-08 1

l	 I U-238	 1	 ! 133E-03 I	 2.06E-061 !
I	 !Zr-93	 I	 I	 I 9.39E-021 I 3.68E-03l l

Rota! M3	 1	 !	 1 4961 1 1.47E+051 I

I	 I	 I	 !	 1 !	 Isolid I I

(	 !	 !	 I I I !

!	 !	 !	 I I 1	 •I
!	 INore: Curies from decay daughter products no[ included 	 I ! I

I	 I	 ^	 I I	 I	 I I f I
!	 I	 ! I	 I	 I I I 1
I	 !	 I I	 I I I I

I	 I	 I I	 I	 I I ! I
!	 i	 ! I	 I	 I ! I 1
I	 I	 ! !	 I	 I ! I I
i	 f	 I I	 I	 I I ! I

l	 I I	 I	 I I i I
I	 !	 I I	 1	 I I I
I	 I	 1 I	 1	 I I i	 I'

I	 I	 i I	 I	 I I (	 I

I	 !	 I I	 !	 I I I	 !
!	 I	 I I	 I I l	 I1	 I	 i	 1 I I l
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HLW cocc dam for RadTran 	 Jacobs Engineering G :ol'p

Esrensive Separations alternative New Base Case (1126196)
20 %-c% waste oxide loading. 1 .5 blending factor

'Extensive Secarations l Data Pac!:a tze values

i

I	 (Radionuclide Invento ry 	 ; HLW Glass	 1	 !	 I

I	 I	 B
Base 

Case (A- 1)	 i

I	 i I	 I	 ICi/m3 I	 I	 !
I	 jAm-241 I	 I	 I	 1.06E=031 j

I Am-243 I	 1	 1	 3.41E-021 I
0.00E=00i

I	 ICm-244 1 I	 I	 1.I7E-01'1 i	 I
I	 ICs-135 I . I	 I	 1.48E-011 I	 I

ICs-137 I I	 I	 3.58E=041 !	 I

i	 11-129 I I	 I	 0.00E=001 I	 I
I	 INi-63 I I	 431E+001 I	 I

INp-237 I I	 I	 7.13E-021 I

I	 jPu-238 I I	 I	 1.09E+001 j	 I
I	 IPu-239 I j	 I	 3.67E=011 I	 I

1	 1 Pu-240 1 I	 I	 6.77E=001 1	 I

I	 IPu-24I I I	 1	 7.59E+011 1	 j
1Ra-226 I j	 1	 2.75E-101 I	 1

I	 1Ru-106 I I	 1	 3.86E 051 1

I	 ISM-151 I I	 I	 O.00 E+ 001 I	 I
I	 I Sn-126 I I	 I	 6.37E-01 I	 I	 I

jsr-90	 I I	 I	 5A3E=o41 1	 I
j	 ITC-99	 I I	 I	 3.27E+011 1	 j
I	 ITh-230	 I I	 I	 3.97E-081 I
I	 I U-233	 I I I	 1.87E-081 I	 I

I	 I U-?34 	 I I	 ^.a^E o71 I	 I
IU-M-5	 1 1 1	 333E-051 I	 I
U-238	 1 j 1	 7.79E-041 i	 I

I	 IZr-93	 I I I	
4.88E-021 I	 I

'.tonal m3	 I I I	 9.74E+021 I	 I

i	 f I I	 I I	 I

Number of 0.63 m 3 canisters	 1 1	 15711 1	 I
Number of 0.63 m-3 can/HMPCI I 1	 41 1	 1
Number of HMPCs I	 j I 1	 3931 (	 I

Number of trips to the repositoryl Hub >-	 1'	 40 1
i	 I	 I I I	 I i	 !

Noce: Curies from decay daughter products not included 	 1 I	 I

i	 I	 I	 I	 I I	 I

!	 I	 I	 I	 i	 I ^	 !

i	 ^	 I	 !	 i	 I I	 I	 i

I	 !	 I	 i I	 !
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HLW conc data for RadTran	 I	 Jacobs Easineering Group

I

Phased Implementation alternative New Base Case (1 126196)
1 20 wt % waste oxide loadin„ 1.5 blending factor

;Base Case	 1

'Radionuclide Inveocory 	:HLW	 !
glass i

!	 I	 ^ Ci/m"3 I	 i	 ^	 ! i

(Am-241 	 I	 I	 5.01E+001 I	 !	 ! I

! Am-243	 1	 1	 1.60E-031 I	 I	 !

IC-14	 !	 1	 O.00E+001 I	 I	 I I
!Cm-244	 I	 I	 2.68E-031 I	 !	 i !

Cs-135	 6.81E-031 !
ICs-137 ! 1	 1.68E+031 r	 !	 I I

1l -119 I 1	 0.00E =001 1	 I	 I 1

I Ni-63 1 I	 1.27E+011 I	 ! I
iNp-237 ! !	 3.00E-031
I Pu-238 1 I	 5.15E-02 I	 I	 I I

I Pu-?39 I I	 1.26E+001 1	 I	 I
1Pu-240 I I	 3.19E-0 1 I I 	 I	 I I'
1 Pu-241 I I	 3 .57E+001 I	 I	 I I
IRa-2.6 I I	 0.00E+00 I	 I	 I I
I Ru-106 1 1	 1.73E-061 I	 I	 I I

Ism-151 1 1	 011 I	 I	 I I

ISn-126 I 12 77E-021 I	 !	 I I

ISr-90	 1 1	 266E+03 I I

ITc-99 I 1.54E+00 1	 !	 I I

Th-?30	 ( I	 1.86E-09 I I

U-233	 I I	 5.45E-071 I	 I	 I
I U-234	 I I	 9.54E-061 I	 I	 I !
1 U-235	 1 1 9.34E-041 1	 I	 I	 I
I U-238	 I I 2.18E-021 I	 I	 I	 I
IZr-93	 I I 1.86E-0 11 !	 !	 I	 1
(Total (m3)1 1 2.07E+041 I I	 I	 1

!	 ' I ,I I	 I	 I

1	 umber of 0.62 m) canisters	 133386.3017 I I	 I

i	 ! I I	 I	
I

Number of 0.62 m-3 canisters	 1 333871 I	 I	 I
Number of 0.62 m-3 can/HMPC	 I 41 I 1	 I	 I

Number of HMPCs 1I 83471 I I	 I	 I

Number of nips to me repository 	 o AN i	 8351 I I	 I

I	 I	 I — I ! I	 I	 I

Nore: Curies from decay daughter products not included	 j I I	 I	 1

I	 !	 I	 I I I	 I	 I

I	 !	 I	 I I I	 !	 I

I	 i	 I	 1 ! I	 i	 I

I	 I	 I	 I I I	 I	 i

'	 i	 I	 I
1	

!	 I
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Ht W cocc data for Rad?ran	 Jacobs Eacaee. GLOL'p

Ex Situ / In Situ Combination alternative New Base Case (1126196)
;20 wc% waste oxide loading. 1.5 blendmy factor I
1	

I	
!

1	 I	 I	 I	 I

:Radionuclide Invento ry 	;HLW glass	 ! Se[ Rec. Recovery
I I	 I ;fraction	 i

i	 I I	 ICi/m-3 	 i I	 I	 I
IAm-241	 1 1	 1	 6.97E+001 1	 7.67E-0 11	 j

IAm-243	 1 I	 2.67E-031 9.20E-0 11
IC-14	 I I	 I	 O.00E+001 i	 9.00E-0 11	 I

ICm-24-"	 1 i	 I	 5.04E-031 I	 9.40E-0 11 	1
;Cs-!35 ;	 1. 16E-025 t	 850E-0ti
ICs-137	 i j 1	 2.96E=031 1	 3.80E-0 11 i
11-129	 I 1 I	 0.00E+001 1	 9.00E-01; 1
INi-63	 I 1 I	 2.03E=011 I	 8.00E-01I j
Np-237	 1 I 1	 5.58E-031 I	 9.32E-0I I	 I

I Pu-238	 I I I	 3.97E-021 I	 3.97E-0 I I	 I
j Pu-239	 I I 	1.48E+001 I	 6.27E-0I I	 I
IPu-240 1 1	 3.69E-0 II I	 6.07E-011 I
IPu-241	 ! I I	 4.01E=001 I	 5 .65E-0 II I	 '

IRa-226 1 1	 0.00E+001 I	 8.30E-0 11 j
^Ru-106	

I ( I	
138E-061

I	
3.70E-0II i

ISM-151	 1 1 1	 4.32E+011 I	 730E-011 I

Sn-126	 1 1 1	 3.32E-021 I	 7.30E-01 I	 I
1 5r-90	 I	 i 1	 3.56E+031 I	 7.00E-0 11 I
ITC-99 	 1	 1 I	 5.15E-011 I	 9.00E-0 I I	 I

1Th-230	 =;	 I I	 3.03E-091	 1 830E-0II I

I U-233	 1	 1 1	 8.7v^-071	 1 8.00E 0II I

I U-234	 I	 I I 1.53E-051	 I 8.10E-011 I
1 U-235	 1	 I 1 1.74E-031	 1 9.10E-011 I

1 U-j8	 1	 I 1 3.92E-021 	 1 9.00E-0 11 I
,Zr-93	 1 2.49E-0 1.	 1 6.70E-0II 1
j Total (m3y. i 1.03E+041	 I I I
i	 !	 I I I	 I I I.
!	 I	 I I I	 I I I

j	 I 1 I	 I 1

Number of 0.62 m-3 canister	 1 1 '	 f	 1	 I I I

Number of 0.62 m-3 can/$_M4PCI 41	 1 1 I
Number of HMPCs 1	 I 1 4174]	 ltS I	 I i I

Number of trips to the repository !; toW,.arr_' 4181	 1 I I

I	 I	 i !	 I I
Note the combination alt. retrieval fraction is calculated from the % of SST and DST inventory 	 j
recovered as follows: recovery fraction = (curies recovered from SSTs + Curies from DSTs)	 1

divided by (total curies in the SSTs+total curies in DSTs)	 !	
1	

I	 j
The combination alternative volume of HLW glass is U2 of the Intermediam Separations 	 1	 j

I	 I	 I	 I	 I	 I	 I	 !
Note. Caries from decay daughter pfoducts not included	 1	 I	 !
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Extensive Separations

Assumptions:	 I	 I	 I	 I	 i

1. HLW glass waste oxide loading basis to be 20 wt% waste oxides (excluding Na2 O and Si02)
2.'Using the WHC eugineering data package material balance calculate the waste oxide loading
and adjust mass of the glass produced to achieve a 20 wt %_waste oxide loading
not counting the Si02 or the Na2O i I I I	 i I

I I I I	 i I

Input Stream ILAW I	 1 JHLW
AM 1

ST	

AM 1 1	 4071 437j 1314 1344
(solids I liquids I IFRIT (GLASS	 1 F RIT GLASS

I I	 I 1

Volume kilo-liters f I	 5.84E+051 I 1	 I
Specific Gravity I	 1.21E+001

I 1	 I
Cs and Ba, (MCI) 7.60E+0OI 6.72E+01 I	 6.86E-021 7.46E+01
Sr and Y, (MCI) 1.37E +021 1.41E+001 1.40E-021 I 1.37E+02
Tc, (MCI) • 5.89E-031 2.61E-021

I
1.53E-041 3.17E-02

Am, (MCI) I

Np, (MCI) I I

Pu-239, (MCI) I I

Pu-240, (MCI) 1 j I I
Pu-241,(MCi)
Total TRU, (MCI) 1.92E-011 1.52E-02 I	 1.20E-031 2.06E-01
Total MCI 1.45E+02 6.87E+011 I I	 8.39E-02i 1

2.12E+02
Total Mass Flow (MT) I	 2.37E+041 7.06E+05I I	 2.65E+051 3.86E+05 8.73E+02 1.32E+03
Total Cr, (MT) I I i I I 1

Total Na, (MT) I 1 I	 I

Total Si, (MT)
Total P, (MT) 1 I 1 1 I	 1

Total NO2-, (MT)
I 1 1

Total NO3-, (MT)
I I	 I 1	 I

AG+ 1.38E+001 3.28E-01 I I 1
AG20 I	 1 4.07E-01 I	 I I 1.43E+00
AL+3 2.37E+031 I I I I I
AL203	 1 1 1.16E+041 1.93E+04i	 I

I
1.94E+02

AL(OH)4-	 1 I 4.83E+03I
I I

AM+3 2.77E-021 2.51E-031 I i I	 I I
AM203	 1 I I I 3.41 E-051	 1 3.32E-02
APM-	 i I I I 1 j 3.44E-03
AS+5	

I 4.98E-01 7.70E-0 1
AS205	 1 I I I 4.33E-01;	 I I 1.51E+00
B+3	 1 9.94E-01 5.19E-011 I 1 j I
B203	 1 1

1 1
4.82E+001	 I

1.22E+021 1.22E+02
BA+2	 I 3.09E+00 7.91E-011 I I I	 1

BAO	
I I I I

I 8.76E-0 11 3.46E+00
BE+2	 I 7.61E-03 8.19E-02 1 I I 1	 1 I

EEO	 j 1 1 I I 5.53E-021	 1 1 1.93E-01
B1+3 1.96E+021 6.76E+011 I I I	 1 1
91203

1 1 1 1 2.90E+021 3.45E+00
C14	 I 4.53E-041 7.43E-041 I I I	 I 1
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Extensive Separations

CA+2 1.33E+021 1.67E+01;
CANCRINITE I	 2.70E+031 I I I I

CAO I I I 3.84E+041 3.86E+041 i	 i	 2.34E+00
CD+2 I	 7.93E+001 2.09E+001 1 1 1
CDO I I 1

I	
1.13E+01 I	 I	 1.26E-01

CE+3 +021 2.37E+001
I	

i

CE2O3 I I 2.75E+02 I	 3.40E+00
CL- 3.49E+001 3.11E+021 1

I
I

CL2 I I I 1

CO I j I 1
CO2 I 1
CO3-2 2.25E+02 3.37E+031 1 j
CR+3 1.32E+02 I j

CR203 2.67E+02 I	 138E+00
CR(OH)4- 1	 1.19E+02 j 1

CS+ 9.25E-021 8.19E-01 1
CS2O 1 1 8.85E-04 I	 9.64E-01
CU+2 7.46E-011 1.77E-01 1 1 1

CUO 2.57E-01 j 8.99E-01
CUSO4 1 j

F- I	 5.97E+011 1.12E+031 1
I

F2 I 1 1
FE+3 7.63E+02 1.44E+011 1

FE2O3 3.74E+03 I 1	 4.24E+01
H2
H2O 5.07E+05 2.11E-04 I 1.10E+00
H2S
HG
HG+2 9.00E-03 9.49E-01
HGO 2.07E+001 I I

I- 2.02E+01 5.46E+02 1

I2 I I i_
K+ 2.10E+011 2.19E-01 1 1 1
K2O	 1 I 2.55E+01 1 ! 2.34E-02
KEROSENE I I
LA+3	 1 2.10E+01 2.19E-01' j j I

LA2O3 I 2.46E+01 I I 3.04E-01
LI+ 2.46E-02 5.77E-031 I I
LI2O 6.53E-02 I 1.32E+01 1.32E+01
MG+2 1.10E+01 11 1 1 1 1
MGO	 1 I I I 1.96E+011 j 2.20E-01
MNO2 2.09E+02 2.17E+01 2.31E+02 1 I 1.08E-01
MO+6	 I 8.01E-011 4.87E+001 I I 1
M003 I 1.03E+01 1 I 9.24E-02
N2	 1 I 1 I 1
NA+	 1 3.21E+031 6.26E+041 i i 1
NA2O I 9.65E+04 1 2.40E+011 6.59E+01
NH3 1 I 1 1 1
NI+3	 1 6.57E+001 4.07E+001 1 I I I
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Extensive Separations

N12FECN6 1	 5.00E+02;
NI2O3 1 j I_ j 1	 2.62E+021 !	 2.82E+00
NIO j 1 j j 1.06E-031 1 j	 1.20E+00
NO j j 1 1 i 1

NO2 1 1 j 1 j I j 1

NO2- 1	 7.38E+011 9.54E+031
NO3- I	 1.03E+031 1.06E+05 j I j
NP+4 j	 1.32E-01 1.46E-021 1

NPO2 1 j 1	 6.52E-031 1.66E-01
02
OH- 1	 6.80E+031 4.64E+03
PB+4 3.28E+00 1.96E+001
PBO2 1 1 1.35E+00 4.71E+00
PO4-3 2.39E+03 2.58E+03 1

P2O5 1 3.68E+03 3.96E+01
P2O5:24W 5.21E-01
PU+4 j	 4.27E-01 2.88E-02
PUO2 j 5.42E-03 5.11E-01
S 1

SI+4 1	 7.90E+01 5.65E+00
S1O2 j 2.15E+05 2.16E+0S 7.13E+02 7.52E+02
SO2 1 j j

SO3 j j 6.22E+03 1.92E-03
SO4-2 3.97E+01 2.01E+03
SR+2 3.64E+01j 3.75E-01 1

SRO	 j 4.41E-031 4.33E+01
TCO2
TCO4-	 I 5.68E-01 2.52E+00 1

TC2O7 1.41E-021 I 2.92E+00
T1O2	 j 3.16E-02 3.51E-04
TOC	 I 1.16E+02 1.42E+03 1 i 1

UO2+2	 j 1.58E+03j 8.52E+01 1 j
UO3	 j j 2.77E+00
U3O8 I 1.08E+00 1.15E-02
V+5	 1 1.88E-01 6.20E-021 j j 1

V2O5 I I 9.92E-021 3.47E-01
W+6	 1 7.47E-011 1 j 1 j

WO2 1 1.09E-06 2.26E-04
WO3	 1 2.10E-01 7.33E-01
ZN+2	 1 9.45E-01 3.59E+001 I j j

ZNO I j I 3.17E+01) 1 1 4.31E-01
ZR+4	 j 2.77E+02 4.48E-01
ZRO2	 1 I I I I 6.99E+02 j 8.55E+00
ZRO2:2H2	 j 4.09E+02 2.15E+011 j I j
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Extensive Separations

I I	 '

Mass LAW waste oxides 	 i	 1 ; 1	 ; 121198.7871 j

LAW waste loading (waste oxides) 	 1 I 1	 I	 31 %1

LAW waste loading (sodium oxide)	 I 1 I I	 25 7o 1

Mass HLW waste oxides 1 i 1 i i l	 3.42E+02
HLW waste loading 1 1 I 1 I j	 26%

I	 I I I ! I

HLW
I I

I I I I i
20 wt. % waste oxide loadin o	 1 1 1 I

Blending factor	 I 1 1 1	 11 1.251 1.51 21 3.5
Mass of glass required to achieve 20% wo loading, MT 11707.542191 2134.42773 2561.3132781 3415.0843715976 07648

additional frit required (equals increased glass) MT 1 3.88E+021 8.14E+021 E+031 2.10E+031 4.66E+03

total fri[ required, MT 1.26E+031 1.69E+03 2.11E+03 2.97E+03 5.53E+03
1

glass density (MT/m"3) 1	 2.631 I 1 1

culler packing fraction 0.7 (LAW only) 1 1 1 1

I I I I

Waste volume (m"3) I	 6.49E+02 8.12E+0 9.74E+02 1.30E+031 2.27E+03

Canister Volume (m"3) 0.621
Number of Canisters (lx) 1 1.05E+03 1.31E+03 1.57E+031 2.09E+031 3.67E+03
Nu. of Canisters /HMPC 1	 41

1 1
1

Number of HMPCs I 2.62E+02 3.27E+02 3.93E+02 5.24E+02 9.16E+02

Number of trips @ 10 HMPCs /trip 1	 261 33 391 521 92

I	 I I I	 I I I
Class  formulation: I I I

(ref Ext. Sep Data Pkg.) jacceptable range 11 1.251 1.51 21 3.5

I	 I I I

Si02 142 to 57 wt % 1 62.58%1 66.39% 68.94 %1 72.12%1 76.21%

B203 15 to 20 wt %1 1 10.32% 11.06% 11:55%1 12.16%1 12.95%
Na2O 15 to 20 wt %1 1 4.48 7. 1 4.14 %1 3.91 %1 3.62%1 3.25%

U20 1 to 7 wt %	 1 1.11% 1.19%1 1.24 %1 1.31% 1.39%

Fe203	 12 to 15 wt %I	 1 2.48%1 0.00% 0.00%1 0.00%1 0.00%
CaO < or= 10 wt % 1 0.14%1 0.11% 0.09% 0.07% 0.04%

MgO	 1<or =8wt%	 J 1 0.01 %1 0.01% 0.01901 0.01% 0.00%

Al203 < or = 15 wt % 1 11.36%1 9.09%1 -7.57%F 5.68 17. 1 3.25%

Zr02	 1 < or = 13 wt %	 1 0.50% 0.40 %1 0.33 %1 0.25%1 0.14%

Cr203 < or = 0.5 wt % 0.08%1 0.06%1 0.05 %1 0.04% 0.02%

P205	 1 < or = 3 wt %	 1 2.32 7. 1 1.86 %1 1.55%1 1.16%1 0.66%

S03	 ; < or = 0.5 wt %	 1 1 0.00%1 0.00% 0.00%1 0.00%1 0.00%

I I I I

HLW Facili y Sizine	 1 1 1 1

Schedule	 114 yrs	 1	 1 1 1
I

Capacity MT/day I	 1 1 1

1 I	 I ! I i
Overall efficiency, %	 I 1	 1 I 33%' 42%1 50 %'1 67%1 117%

Required capacity MT/day (assuming 14 yrs ops, 60% OE) 0.561 0.7bl 0.841 1.111 1.95

Required operating duration yrs (assuming 1 MT/day, 60% OE)	 I 9.751 11.701 15.591 27.29

I	 I	 I I I
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Extensive Separations

15 wt % waste oxide loading 1

Mass of glass required to achieve 15 % wo loading MT I	 2.28E+031 2.85E+031	 3.42E+03 4.55E+031 7.97E+03
Volume (m"3) I	 +021 1.08E+031	 1.30E+03 1.73E+03 3.03E+03
Number of Canisters (lx) I	 1.40E+03 1.75E+031	 2.09E+03 2.79E+031 4.89E+03

1

40 wt % waste oxide loading 1

Mass of glass required to achieve 40% wo loading MT 8.54E+02 1.07E+03	 1.28E+03 1.71E+031 2.99E+03
Volume (m"3) 3.25E+02 4.06E+02 

I
4.87E+02 6.49E+02 1.14E+03

Number of Canisters (lx) 1 5.24E+02 6.54E+02	 7.85E+02 1.05E+03i 1.83E+03

1/27/96 10:57 AM	 Page 5	 Extensive Separations
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LARK

1 I 1
15 wt. % sodium oxide loading	 1	 1 1 1
Blending factor 	 I	 I	 I I	 11 1.25 1.51 21 3.5
Mass of glass required to achieve 15% wo loading, MT 1	 6.43E+ 05 8.04E+ 05 9.65E+051 1.29E+061 2.25E+06
additional frit required (equals increased glass) MT 1 1	 2.57E+05I 4.18E+05 5.79E+051 9.01E+051 1.87E+06
total frit required, MT I 5.22E+051 6.83E+05 8.44E+05 1.17E+06 2.13E+06

1 1
glass density (MT/m" 3) 1	 2.63 1 j
culler packing fraction 0.7 1 1

1
Waste volume (m"3) 3.49E+05 - 4.37E+05 5.24E+05 6.99E+05 1.22E+06

Number of 5300' m"3 vaults 66 82 991 132 231

LAW fac il i ty. sizing i
Schedule, years 19 1
Capacity MT/day 200 1

I I
Overall efficiency, % 1 46% 58% 70 %1 93% 162%
Required capacity MT/day (assuming 19 yrs ops, 60% OE) 154.61 193.261 231.921 309.22 541.14
Required operating duration yrs (assuming 200 MT/day, 60% 14.69 18.36] 22.031 29.38 51.41

1
10 wt. % sodium oxide loading
Blending factor	 1 1 1.25 1.5 2 3.5
Mass of glass required to achieve 10 9.65E+05 1.21E+06 1.45E+06j 1.93E+06 3.38E+06

j
Waste volume, m"3 5.24E+05 6.55E+05 7.86E+051 1.05E+06 1.83E+06
Number of 5,300 m^3 vaults 991 124 1481 198 346

I
25 wt. % sodium oxide loading 1 I

Blending factor	 11 1 1.25 1.51 21 3.5
Mass of glass required to achive 25 wt % Na2O 1 3.86E+05 4.83E+05 5.79E+051 7.72E+051 1.35E+06

1
Waste Volume	 1 2.10E+05 2.62E+OS 3.15E+051 4.19E+05 7.34E+05
Number of 5,300 m"3 vaults 1 40

1
491 591 791 138
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Table F-8. Backup to Table 9-16. Process Modules: Overall Cost.

Radionuclide removal	 $2,778 $1,159	 $126 $92	 $728	 $569 $282	 $5,733
Central facilities $638 $638
LLW vit rification $749 $308 $224. $24 $193 $151 $268 $1917

LLW disposal $14 $14 $1 $9 $7 $19 $14 $248

HLW vitrification $672 $320 $28 $25 $201 $157 $282 $1,685

HLW transportation $3 $0 $2 $1 $6
HLW disposal $11 $491 $502

Total $4,83 $1,803 $392 $143 $1,132 $885 $19 $11 $84 $491 $10,730

0

Note:

c

D&D	 decontamination and decommissioning
HLW .= high-level waste

LLW = low- level waste

R&D	 Research and Development

Start-up and operation materials and supplies am allocated based on operation labor.

'Decontamination and decommissioning mate rials and supplies are allocated based on construc
ti

on cost.

f]

g

0

^41

^ °w
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Table F-9. Backup to Table 9-18. Capital Costs (1995 Dollars).

n

ryg

0

Notes:

HLW = high-level waste
LLW = low-level waste

'Low-level waste vitrification (low source), Option 2A.

'High-level waste vitrification facility is combined with extensive pretreatment.
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Table F-10a. Backup to Table 9-19. Operating Cost Component (Mil lions of 1995 Dollars)
Extensive Pretreatment, Annual Consumables for Extensive Pret reatment with High-level

Vitrification Detached Low-Level Waste Vitrification-Op tion 2A. (2 sheets).
r	 s	 to	 "`"e Y'	 -k^a,'n`'ua	 r	 a 	 „?

asu	 E MN.	 .,.	 F	 {^+.	 °	 ,,,a	 ^c..	

...
	 ix?3xw ^̀d^, ^ w t̀(a',	 ,. .$S.Hr$

Glass Former
B $1,000 57,500 $57,500,000

Fev $500 14 $7,000

Liv $5,000 2,100 $10,500,00

SiO2 $40 287,000 $11,480,000

Mg0 $500 4 1 100 $2,050,000

CaO $60 4,100 $246,000

Nitric acid 50 percent (Mg) $160 465,000 $74,400,000
NaOH, 505 (Mg) $250 150,000 $37,500,000
Flocculant (Mg) $1,100 150 $165,000
Glycolic acid, 50 percent (Mg) $1,740 7,700 $13,398,000
Oxalic acid (Mg) $860 11,900 $10,234,000
Ammonia (Mg) $350 9,240 $3,234,000

Ion exchange media (m) $10,600 4 ,910 $52,046,000
FeSA (Mg) $660 4,720 $3,115,200

Aluminum nitrate (Mg) $460 112 $51,520
CMPO (Mg) $6,530 5 $32,650
TBP (Mg) $6,530 755 $4,930,150
NPH (Mg) $440 703 $309,320
Sodium Carbonate (Mg) $170 180 $30,600
Crown ether (Mg) $6,530 284 $1,854,520
Formic acid, 96 percent (Mg) $1,210 1,470 $1,778,700
HF (Mg) $500 740 $370,000
Sodium oxalate (Mg) $500 20,900 $10,450,000
Sodium bicarbonate (Mg) $500 12,500 $6,250,000
Zinc nitrate (Mg) $500 47 $23,500
Na? DTPA (Mg) $500 196 $98,000
APM (Mg) $500 10 $5,000
Hydroxylamine nitrate (Mg) $500 95 $47,500
DCPD (Mg) 5150 4,480 $672,000
CPD (Mg) $150 4,480 $672,000

{
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Table F-10a. Backup to Table 9-19. Operating Cost Component (Millions of 1995 Do llars)
Extensive Pretreatment, Annual Consumables for.Extensive Pretreatment with High-level

Vitrification Detached Low-Level Waste Vitrification—Op tion 2A. (2 sheets).

s	 \..	 a

'?L6H`5 	 ^y`YASG,.:m^`..^. F'. 	 ..GA. AJ^'.

Decontamination chemicals (Mg)
YSd:.

$401
5^ 3\ 'SYe^Y^y

14,000
^ f^nv.	 w^^Wn	

.^^

..;eJn:

$5,614,000
Sulfur (Mg) $370 170,100 $62,937,000
Grout powders (Mg) $100 0 $0
Kerosene (Mg) $150 70,170 $10,525,500

Raw water (m3) $0.03 30,000,000 $900,000
Sanitary water (n?) $0.03 1,100,000 $33;000

Elect ricity (MM) $30 16,600,000 $498,000,000
Subtotal $881,460,160
So

li
d waste (m3) $1,000 4,000 $4,000,000

Equipment (per year z 14 years) 28,000,000 14 $392,000,000
Vaults $5,000,000 38 $190,000,000
Canisters $10,000 448 $4,480,000
Containers $25,000 0 $0
Overpacks $60,000 112 $6,720,000
Subtotal $597,200,00
Total $1,478,660,160
Total minus equipment $1,086,660,160
Start-up costs (materials) $143,000,000
Decontamination and
decommmissioning (material)

$1,132,000,000

Total $2,753,660,160
Total minus equipment $2,361,660,160

Notes:
HLW	 =	 high-level waste
LLW	 =	 low-level waste
m'	 =	 cubic meters
Mg	 — megagtams

Annual equipment purchase estimated by K. D. Boomer.
pretreatment	 = $ 9 mil lion per year (size increase)
ffi-W vitrificati

on	 = S 2 mil lion per year (molter)
LLW vitrification	 = $ 16 million per Year (meiter)
sub-total	 = $'27 mm per year

I	 Misocuaaeous	 = million_ a veer^ per

Total	 = $28 million per year

F-21
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Table F-10B. Backup to Table 9-19. Opera tes Cost Component
(Millions of 1995 Dollars).

.	 ...	 ^r p 	 ...^yWh

i

* WS	 .:v^vMy.v	
_ ..y.. 	 ..\^]'	 S	 F

v y.  v , 	
Y u.fY.

V. ^
^	 1.

Extensive separations 15 620 9,300 1.7E+07

LLW vitrification 15 160 2,400 4.3E+06

13LW vitrification 15 160 2,400 4.3E+06

Indirect staffing 19 29 551 1.0E+06

Pretreatment start-up 1.5

•

626 939 1.7E+06

LLW vitrification start-up 1.5 157 236 4.3E+05

HLW start-up 1.5 157 236 4.3E+05

Pretreatment
decontamination and
decommissioning 2 626 1,252 2.3E+06

LLW vitrification
decontamination and
decommissioning 2 157 314 5.7E+05

HLW decontamination and
decommissioning 2 157 314 5.7E+05

HLW monitoring and

maintenance 12 10 120 2.2E+05

HLW transportation — 30 30 5.4E+04

Total	 3.3E+07

Notes:

HLW = high-level waste
LLW = low-level waste

All staff hours are based on a staff-year of 1,812 hours.
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E.YTV SIVE SEPARATIONS PRETREAT-NMN-T aI.TFR- ATn-E
ENGENEERL\G DATA PACKAGE FOR THE

TANK WASTE REtiiEDLAMON SYSTEM
EN V7ROIN.-N N7TAL BtiIPACT STATE.NL JMN-T

G. Jansen	 I	 ^'
B. J. Knutson
G. K. Allen

Westinghouse Hanford Company	 (p ^	 L

L. Lauerbass

Pacific Northwest Laboratory

ABSTRKCT

In accordance wiih the Narfonal Environmental Policy Act of 2969, an environmental impact

statement is required for disposal of the radioactive waste srored in 177 underground storage

tanks at the Hanford Sire.

3his document is the engineering data package for the Extensive Separarions Pretreatment

alternative. It includes waste treatment operarions that would take place between waste

rerrieval and transfer and closure ofsingle-shell ranks and double-shell tanks. Ihe.purpose

of this alternative would be to process the tank wastes and to reduce the amount of high-level

waste to less than 625 cubic meters (equivalent to 1,000 glass canisters measu ring 0.61

meters [m] diameter by 3.O5 m long at 0.62 cubic meters each) and to reduce the curie
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Table 9-16. Process Module: Overa
ll

 Cost (Millions of 1995 Dollars).
,v.	 Win+ Va.RYm.	 '. t.i.,R2 XQ	 .-..	 ..... L„,

^^^C7^FS:G _. n	 '^^ E

i^'Cyn.v ^.Lf..xP.',tift4	 L ,tQ.Mam:.'0 arx	 M:K	 .,
^^^iC'Ei SF{^C< 	^EIf3FfiAll

Radionuclide removal I	 S6,098

Low-level waste vitrification I	 1,917

Low-level waste disposal 248

High-level waste vitrification 1,685

High-level waste transportation' 7

High-level waste disposal 3,404

'Centralized facilities 638

Total 513,997

Nate:

'Cost for high-level waste transpor tation and disposal are based upon 1000 canisters in 250 multi-
.	 purpose canist-rs.	 . .

'These cost r=ifts apply to the integrated combination of HLW Option 1 and LLW Option A
(Option IA). This combination of cesium and st rontium capsule overpacking and LLW glass is the	 i.
same combination of options as that assumed in the Tri-Party Agreement preferred alternative-.

For additional information, see Appendix F, and also Jansen, G., 1995, Backtp Informarion for
Data ZxUw in Earnaive Separarioru Alrernmfve Enginerring Data Package,
WHC-SD-WM-DP-129, Rev. 0, Westinghouse Hanford Company, Richland, Washington.
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Table 9-17. Overall Cost Component (iKllions of 1995 Dollars). (2 sheets)

K..	 ..	 w
Capital

..,.mow t n
-

S5,202

Operating 4,556Q

Resrarch and t9evdopment 8460)

Repository fee 3,393()

Total 513,997

Notes:

Iota! capital east includes 40 percent eoutingeacy. Contingency, is ezcladed from other costs. Also
we Table 9-18 for addi tional explanation.

2lneiudes staxt-up, decontamination and decommis sioning. and monitoring and maint^^=^ee costs for
process facilities. Does not include costs associated with routine tank farm operations (estimated at
54,340 million in 1995 dollar). Also does not inelude,corts associated with TWRS p rogram
management cha.art=ization, tank farm upgrades, single-she ll tank saltwell ptmrpmg, and tank farm
safety

'Based on Tank Wane Ranedimion Sys$6n Integrated Tedmology Plan WHC 1994), June 10, 1994
draft. The Research and Development costs depicted above ate estimates based upon the p ro ratio of
capital costs with the Tai-Parry Agreement Alternative.

7abie-D-S, TRW 1995, estimates the reposito ry fee for the Extensive Separations Alternative
'((Cane 3-5SCY? could be'S679 znMion lower tbaa the esamatad xcpository fee for Cate IC. using the
'4'R W T'941-5'ŷstrm Life Cycle Cott (MZC) model developed for the Office of Civilian Rulioacrive
Waste Manage cu M1per:infotmsl communications with Mr. don Nttd of TRW on 5131195 and
7113195; 'Hsafotd's repaoitniy - fe'e fox Case 1C'is estimued as follows•.

Two repository case total life cycle cost	 =

Defease program sbara

33anfores sba:e based on ratio of number of Eaaford waste
packages (2,463) to total defease program waste packages
(4,588), from Table 2-4 of TRW 1995	 a:

$48.294 billion

15.7%

53.7%

$aafoes share of Case 1C:.
(548.294 billion x 0.157 x 0.537)

	
=	 54.072 3t71ion

-}3 2 rvtiS	 'rebO.+^i

1	
b^- ^w r^^f^ Y,a^Trzw

2000 c av 4e,r,r o-^ -,^So rA P C- Cry caw t3 A"'"y
^sw /v1 P C-N

t0'7 Z - l l'( s^ 3 ,373 b;c<<^y
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Table 9-17. Overall Cost Component (N pions of 1995 Do llars). (2 sheets)

Notes: Continued

TRW, 1995, Assessment of Pre-Clasure S)cran Cart and Health and Sgfby Impacts of Hanford High-
Level Waste Varific=wn Options on the Civilian Padloa=ve Waste .iManagemera System
AO17000XO-01777-1707-A0003, Rev. 0, TRW Eaviroa^sal Safety Systems, Inc., Vie nna, Virginia..

WHC, 1994, Task Wane Remediation System Multi-Pear Program Plan, WHCSP-1101,
.	 Westinghouse Hanford Company, Richland, Washington,

For additional information, see Appendix F, and also Jansea, G., 1995, Badaep Information for Data
Tables in isuasise Separations Alrernarite Engineering Data Pad=ge, WHC.SD-WM-DP-179,
Rev. 0, Westinghouse Hanford Company, Richland, Washington.

i

.s
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Table 9-18. Capital Cost Component (Nlillions of 1995 Dollars)'-.

Cpl	 1I^^.0lt'?X3I^.,'t' "^
'R	 >

^^^u .̂̂ e.`}32VEb̂ Cilc
A

"	 .t1La]T'K1'?t^eEL3. .L•....

Labor 52,725

Materials *and supplies 998

Equipment 1,582

Local purchases' 297

Total 55,202

Notes:

'Local purchases - 15 percent of materials and supplies are assumed to be local purchases.

-Costs in this table reflect Op tion 1A as described in Section 2.0. This includes construc tion of the
detached LLW vitri fication facility and-vaults. However. it does not include fi lling of the vault
with LLW glass/SPC. These costs are included in Table 9-19. Section 9.1 and Table 9-26 provide

-'	 additional capital cost for Op tion 2A for the Cs/Sr tot-up cell. Se ction 9.2 and Table 9-27 provide
•! the adjustmen ts necessary to reflect capital costs for Option 233, as described in Section 2.0. Cost

of filling the grout rubes in Op tion 2B is covered in Table 9-19. ' Cost in this table also include a
rough order of magnitude estimate of 365 trillion dollars for eustic recycling and thermal
dauxu Lion. These process steps were not included in the original flowsheet upon which the detailed
cost estinnre for the balance of the faci lity was based (see Section 14.8.1).

For additional information, see Append ix F, and also Jansen. G., 1995, BaotZrp Information for
Dana Tables in Ettensive Separarions dlternarive Engineering Data Package,
WHC-SD-WM-DP-129, Rev. 0, Westinghouse Hanford Courpany, Richland, Washington.

I'
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Table 9-19. OperaIIn a Cost Component (iyiillions of 1995 Dollars)'.
^01^^^^fi^^.r2LY5i'YV`bY'N"a..Q^tlfb^` ^"'SfT YW	 t `j ^,^b

S`^.'	 ^.	 o	 C	 :fLi c
v . 	 «	 ^'

^3^^^
R^

yfis^^^..+'^ìJ..^"»̀^."`

.^.	 1,:,	 Ka..

^ICZFS'c'. 	 '^a^^" ^.
©h?&i<:^`R:at:^•per`^+..5'A14

^1:C^F̀'a.'	 ^.s̀`.̂ ^'Ck`kc^"^+A'`^^¢̀i^.̀A

Labor 51,803

Materials and supplies= 52,007

Equipmenr' 5333

Local purchases' Soli

Total 54,556

Notes:,

'Includes filling of low-level waste vaults for vitri fied LLW (Option IA) as well as sta rt-up,
deconnanina ion and decommissioning, and monitoring and maintenance costs. For grouted LLW
(Option 213), operating cos ts would be higher (see Sectioa 9.2 and Tables 9-27 and 9-28).

7.ocal purchases are based on 15 percent of materials and supplies and equipment.

For additional information, see Appendix F, aattalso Jansen, G., 1995, Backup Information for
Data Tables in Extensive Separations Alternarive Engineering Dana Package,
WHC-SD-WM-D?-129, Rev. 0, Westinghouse Hanford Company, Richland. Washington.	 r

t
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Table 9-20. Overall Schedules.

w	 s	 .x^. Cy^

ulcnti7
_SR^Y	 rR2

...' '	 ^o

Construction I	 12/97 - 12/2006(''

Operation 112004 - 9/2019M

Decontamination and decommissioning 10/2019 - 10/2024("

Monitoring and maintenance 	 I 3/2019 - 9/2029(4)

Research and development 1995-2018

Notes:

'See the Lank Wasre Renediarion System Facility Confrgurauon Study (Boomer at al. 1994),
pages 63 and 114.

=See Boomer et al. 1994, pages 33, 63, and 114.

'Five years of decors-min_* on and decommissioning assumed after completion of all processing
'i	 and vitrification.

'Based upon 1,000 cz^ ts%^c, 250 multi-purpose czaLsters; shipments to repository beginning in 2020
and cading in 2029 per canister pickup schedule in Table D-6, Cue 3-5 SC, TRW 1995. (See
Table 9-7 for related information.)

(The assumed construction schedule and the 14 year facility operations schedule are highly optimistic
for the extensive separations alternative. There is considerably higher techaital risk- for extensive
separa ti

ons than for the other TWRS-EIS alternatives evaluated. Consequently, there is higher
schedule risk associated with this alternative than with the other alternativ es.

Boomer, K. D., 7. M. Colby, T. W. Crawford, J. S. Garfield, C. E. Golbe-.g, C. E. beach,
D. E. Mitche

ll

, F. D. Nankani, E. J. Slaathaug, L- M. Swanson, T. L. Waldo, and C. M. Winkler,
1994, Tank Waste Re naUadon Synem Facility Confrgurarion Study, WEC-SD-WM-ES-295,
Westinghouse Hanford Company, Richland, Washington. See Appendix F also.

TRW, 1995, Axsesrtnem of Pre-Closure Sy== Con and Health and Safery Impact of Hanford
High-Level Wane trrrrii irarion Option on the Civilian Badioacrite Warre Management System
AOOOOOOOG 01 77 7-5707-00003, Rev. 0, TRW Environmental Safety Systems, Inc., Vienna,
Virginia..

For additional information, see Appendix F, and also Jansen, G., 1995, Backer Information for
Dara Tables in EuersFve Separasionr Alrernarive Engineering Data Package,
WHC-SD-WM-DP-129, Rev. 0, Westinghouse Hanford Company, Richland. Washington.
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Table P-8. Backup to T : b ' ' Overall
99
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€`

i^
xj .i^^ ^^rP	

y¢
t<t "	 ^	 ^, to r't'e ^	 k4 t

^"	 I	 1#	 r	 4^	 ^^li^f	 6' ^r^	 ^.a^^
! ,ter 3y t ^	 iif ^	 di	 a

ME A

8

Nola:

0
D&D	 daconlandnntion and decwumdsaloning
FILW	 high-level waste

LLW	 low-level waste

R&D	 Research and Development

'Start-up and operation materials and supplies a re allocated basal on operation labor.

'Deconlamination and decommissioning materials and supp lies ate allocated basal on construction cost.

r" .



0

f	 j Table P-9. Backup to Table 9-18. Capital Costs (1995 Dollars).

n

8

0

Notes:	
1

IILW = high-level waste
LLW = low-level waste

'Low-level wmte vh ri ficaliun (low source), Option 2A.

2lligh-level wade vitrlficalion facility Is combimxl with extensive pretreatment.

6^
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Table F-10a. Backup to Table 9-19. Operating Cost Component (Millions of 1995 Dollars;
Extensive Pretreatment, Annual Consumables for Extensive Pretreatment with High-level

Vitrification Detached Low-Lavel Waste Vitrification-Option 2A. (2 sheets).

Glass Former
B S1,000 57,500 $57,500,000
Fev $500 14 57,000

LiO2 55,000 2,100 $10,500,00
Sio, $40 287,000 511,480,000

MgO $500 4,100 S2,050,000

CaO .$60 4,100 5246,000
Nitric acid 50 percent (Mg) $160 465,000 574,400,000
NaOH, 505 (Mg) $250 150,000 $37,500,000
Flocculant (Mg) 51,100 150 $165,000
Glycolic acid, 50 percent (Mg) $1,740 7,700 $13,398,000
Oxalic acid (Mg) 3860" 11,900 $10,234,000
Ammonia (Mg) $350 9,240 53,234,000
Ion exchange media (m') 510,600 4,910 552,044 6,000

S660 53,,
luminum

4,720
nitrate (Mg)

rrACN20

S460 112 S51,520
 WL-j S6,530 5 $32,650

TBP (Mg) 56,530 755 54,930,150
NPH (Mg) 5440 703 $309,320
Sodium Carbonate (Mg) 5170 180 $30,600
Crown ether (Mg) 56,530 284 51,854,520
Formic acid, 96 percent (Mg) $1,210 1,470 $1,778,700
HF (Mg) 5500 740 $370 7 000
Sodium oxalate (Mg) $500 20,900 $10,450,000
Sodium bicarbonate (Mg) 5500 12,500 $6,250,000
Zinc nitrate (Mg) $500 47 $23,500
Na' DTPA (Mg) S500 196 598,000
APM (Mg) 5500 10 .557000
Hydroxylamine nitrate (Mg) $500 95 5477500
DCPD (ivl,) $150 4,480 $672,000
CPD (h1g) $150 4,480 5672,000

F-20
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^ q1

Table F-10a. Backup to Table 9-19. Operating Cost Component (Millions of 1995 Dollars)
Extensive Pretreatment, Annual Consumables for. atensive Pretreatment with High-level

Vitrification Detached Low-Level Waste Vitrification—Option 2A. (2 sh eets).
z»... ^

.... <if12	 A 	 +a,
dEd'+wY/4i^[emro`JWaWt^Ya MG^YA3:a.. .aKS, u.>..

Decontamina tion chemicals (Mg)
1, hw^rd[Mr.

5401

]a Ft?Rt'S ^a Yx%% ,.bMVYt.M[.V,M .̂.

14,000

..*.w.

C	
tiip^^^3^<a2^ i(,.

55,614,000
Sulfur (Mg) 5370 170,100 562,937,000
Grout powders (Mg) $100 0 SO
Kerosene (Mg) 5150 70,170 510,525,500
Raw water (m3) $0.03 30,000,000 $900,000
Sanitary water (in) 50.03 1,100,000 $33;000
Electricity (MWh) S30 16,600,000 5498,000,000
Subtotal 5881,460,160
Solid waste (m3) S1,000 4,000 54,000,000
Equipment (per year z 14 years) 28,000,000 14 5392,000,000
Vaults JS5,000,ODO 38 5190,000,000
Canisters 510,000" 448 54,480,000
Containers 525,000 0 SO
Overpacks 560,000 112 $6,720,000

Subtotal $597,200,00
Total $1,478,660,160
Total minus equipment $1,086,660,160
Start-up costs (materials) 5143,000,000
Decontamina tion and
decommmissioning (material)

$1,132,000,000

Total $2,753,660,160

Total minus equipment $2,361,660,160

Notes:
HLW high-level waSte
LLW = low-level waste
ni,	 = cubic meters
Mg	 = megagrams

Annual equipment pur-..hase estimated by K. D. Roomer.
P=te an=znt =	 S 9 million per year (size increase)
HLW vitrification =	 S 2 million per year (melter)
LLW vitrification =	 S 16 million per year (welter)
Sub-total =	 S 27 tam per year
Miscellaneous =	 S 1 million per vrar
Total =	 S28 mi

ll
ion per year
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Table F-IOB. Backup to Table 9-19. Operating Cost.Component
(NMoas of 1995 Dollars).

........

gg -
 Mt=

Extensive separations 15 620 3009" 1.7E+07

LLW vitrification 15 I	 160 2,400 4.3E+06

HLW vitrification 15 2,400 43E+06

Indirect staffing 19 29 551 I.0E+06

Pretreatment start-up 1.5 626 939 1.7E+06

LLW vitrification start-up 1.5 157 236 4.3E+05

ELW start-up 1.5 157 236 4.3E+05

Pretreatment
decontamination and
decommissioning 2 626 1,252 2.3E+06

LLW vitrification
decontarnination and
decommissioning 2 157 314 5.7E+05

BLW decontamination and
decommissioning 2 157 314 5.7E+0:5

HLW monitoring and
maintenance 12 10 120 2-2F,+05

HLW transportation
—

30 30 5.4E+04

Total	 3-3E+07

Notts:	 t

HLW = high-level vnmm
LLW — low-level wasx--

All staff hours a= based on a staff-year of 1,912 hours.
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Table F-IOC. Backup to Table 9-19. Operating Cost Component
(Millions of 1995 Dollars).

IV
M^ M"

...... 	 ......... 	 . ....	 ....	 . .

Wn ^-^,ffMft'-	 S ............... 	 ........ .......... 	 ....

IPret-catrnerit	 202 40 378 620	 S63

LLW vitrification	 52 10 98 160	 S16

P.LW vitrification	 52 10 98 160	 S16

Total	 306 60 574 940	 S95

Notes:

ffi.w - high-level waste
LLW = low-level vmsw

MW
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Z /

Table F-lOD. Backup to Table 9-19. Operating Cost Component
(Millions of 1995 Dollars).

+rH	
r	 ».'C	 ..:."tea.+

Extensive separations

ao^,	 "<x:,F'^

S940

LLW vitri
fi

cation 5243

BLW vitri
fi

cation 3243

Indirect staffing' 533

Pretreatment start-up' S94

LLW vitrification start-up; S24

BLW start-up' S24

Pretreatment decontamination and decommissioning' $125

LLW vit rification decontamination and decommissioning' S32

BLW decontamination and decommissioning $32

BLW monitoring and maintenance- S8

RLW transporrdrions S3

Total $1,803

Notes:

!For indi=% naffing, it was assumed that all wogs would be nonexempt

'The total start-up cost for each Scilt'ry is arbitrarily set to the annual staffing  requirements. These start-
up requirements have been set to 1 12 years of the annual. This leaves 1 1/2 years of sta ff cost ($95
''union + $24 million + $24 million = $143 million) for start-up materials and supplies.

(S63 mi
ll
ion x 1.5 yrs = S95 million) (S36 million x 1.5 yrs - S24 million) (S16 mi llion x 1.5 yrs =

$24 million).

'Decontamination and decommissioning for each fatui ty is arbitrarily set equal to thr ee years of staff cost
plus thirty percent of the total capital cost minus the contingency. The aaffmg requirements have been
set to two years of the annual. This leaves one year of sta ff cost (S63 million + S16 mi llion + S16
million — $95 million) plus thirty percent of the capital for material and supplies.

The total capital is equal to the capital plus a forty percent contingency; therefore, the capital value to be
used for the decontamination and deaommisshoning cost for materials and supp lies is equal to:
Capital 54,837 million per 140 percent = S3,455 million

The cost based upon the capital would be as fo
ll

ows: capital decontamination and decommissioning =
53,455 million x 30 pertxat = $1,037 million. Thus, the total decontamivation and decommissioning 	 !
cost for materials and supp

li
es is set to $1,132 million.	 y'

F-24



WEC-SD-WM-EV-100 Rev. 0

Table F-lOD. Backup to Table 9-19. Operating Cost Component
(Ivfillions of 1995 Dollars).

Notes (continued):

'For ==taring and xnatutemuice, the following was assumed: exempt woWd be 10 percent, hargaadng
unit 10 petc=4 and nouaxetnpt 80 perceuL

?For HL.W traaspor cn, the following was assumed: exempt would be 36 percent, bargaining unit 36
petceat, and twnezeatpt 28 percent.

All exempt aid bargaining snit employees are asatmed to be radiation workers. All nonexempt
employees are noitadiation workers.
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Table F-11. Backup to Table 9-20. Overa
ll

 Schedule.

Construction

Facility
Configuration

Option Start Finish Study

Prerrearment + BLW vitrification July 2001 December 2006 page 114
Standalone LLW vitrification December 1997 July 2005 pave 63
Overa

ll
December 1997 December 2006

Opera tion

Pretreatment January 2004 January 2018 panes 114, 33
IEL^ vitrification March 2005 March 2019 pries 114, 33
LLW vitrification September 2005 September 2019 pages 63, 33
Overall January 2004 September 2019

Decontamination and decommissioning for all facilities is assumed to start after the
completion of process dura tion, that is, 5 years.

October 2019 October 2024

Monitoring and maintenance is for HLW canisters.

Monitoring and maintenance is assumed to start with the comple tion of IILW vitrification.

Monitoring and maintenance is assumed to finish when the last multi-purpose canisters is
shipped to the repository .

Shipments to the repository start in 2035'.

Based on discussions with K. D. Boomer, 1,000 canisters are assumed, 250 mul ti-purpose
can isters.

10 multi-purpose canisters would be transported per week (Slaathaug 1995, Table 9-7,
footnote 5).

Duration of shipments = 250 multi-purpose canisters/10 = 25 weeks.

March 2019 September 2035 'page 151

Research and Development

11995 2018

Not-.s:

HLW = high-level warm	 I :^
LLW = low-level waste	 l
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111111se	 I Phasese 2 Total
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Phased Implementation

Amum bons • 	I	 I 1	 I	 I i	 I	 I
1. Phased Im lememation Separations and T=umcnt is simile to Iraermedlate Separaiom I	 I	 I I
except the separations for Sr. Tc, and TRU clemency we taken from Extensive Sep=uians I	 I I	 I
2. HL W glass waste oxide loading basis to be 20 w % waste oxides	 I I	 I i
na counting the Na?O or Si02 in the waste feed st=un	 I	 I	 I I	 I I
3. Using the WHC en incerin dam package muerial balance calculate the waste oxide	 ng I	 I I	 I
and ad just mass of the glass produced to achieve a 20 wt 9e waste oxide loading I	 I	 I (	 I
4. LAW gim sodium oxide loading basis is to be 15 wt9. 1	 1 I I	 I

I I I	 1 I

I 1	 i I	 I I	 I

I I

Ilaput Stream LAW i	 IHLW 1

ISTREAM I I 1 4071	 4371 1	 3141	 3441
solids Iliquids FRIT	 (GLASS FRIT	 I GLASS I	 IHLW

Volume kilo-liters I fmction
Specific Gravity I I I	 I I I
Cs and 31. i:lv 5.28E+00 6.28E +OII I	 I	 6.81E-0 1 1 I	 I	 6.74E+011 1	 0.99
Sr and Y. (MCi) 1	 1.05E+021 2.10E+00 j	 1.07E+00 !	 I	 1.06E+021 1	 0.99
Tc. (MCi) 1	 5.89E-03 2.61E-021 3.20E-04 I	 I	 3.17E.021 1	 0.99
Am. (MCi) 9.31E-02 5.61E-03 I	 1.04E-03 I	 1	 1.03E-Oti 1	 0.99
Np. (MCi) ;	 9.29E-05 1.03E-05 !  i,	 1.02E-041 1	 0.99
Po-239. (.Mcn 2.47E-02 1.67E-03 2.64E-04 2.61E-02 I	 0.99
Pu-240. (MCi) 6.28E-03 4.14E-04 6.69E-05 I	 6.63E-031 1	 0.99
Pu-241,(MC0 7.34E-02 1.49E-031 I	 7.49E-04 I	 7.41E-02 0.99
Total TRU. (MCi) 2.00E-01 1.22E-02 2.12E-03 I	 2.10E-0 1 1	 0.99
Total Ma 1.11E+02 6.49E+01 1.76E+001 1	 I	 L.74E+02 1	 0.99
Total Mus Flow (MT) 1.94E+04 7.10E+05 2.81E+051	 3.87E+05 1	 1.36E+04	 2.51E+04 1

Total Cr, (bIT) 1.32E+02 5.15E+01 I	 1.44E+02 I	 1	 3.96E+01 j
Total Na, (MT) 124E+03 6.51E+04 0-17.18E I	 1	 2.33E+03 I
Total Si. (MT) 5.24E+02 5.65E+00 1.07E+03	 1.07E+05 5.29E+03	 5.83E+03 I
Total P. MT) 7.80E+02 8.42E+

02

I	 I.JSE+OI 2.72E+02 1
Total NO2-. (MT) 7.38E+01 9.54E+03 I I
Total NO3-. (MT) I	 1.03E+03 1.06E+05 I I I
AG+ 1.38E+00 3.28E-011 I I	 i I
AG20 3.52E-01 1	 I	 1.48E+00
AL+3 2.37E+031  1 1

AL203 I	 132E+041	 1.94E+04 I	 1.73E+03 I
AL(OH)4- 4.83E+031 I. 1 I I
AM+3 2.71E-02I 2.51E-03 I

AM203 I 2.76E-03 1	 1	 3.05E-02 I
AS+5 4.98E-0 1 7.70E-0 1 I I I

_
1

AS205
1

1. 18E+00 1	 7.66E-0 I I
B+3 9.94E-0 1 5.19E-011 I I I
B203 I I	 1.75E+031	 1.76E+03 I'

BA+2 3.09E+00 7.91E-0 1 1 I	 I I 	I
SAO I I	 8.81E-011 I	 1	 3.45E+00 I
BE+2 7.61E-03 8.19E-02 I I
BEO i 2.27E-0 1 2.16E-02
BI+3 1.96E+02 6.76E+01 1 I
B1203 1	 7.52E+0l I	 I	 2.19E+OZ I
C14 433E-04 7.43E-04
CA+2 1.33E+02 1.67E+01 I
CANCRINLTE 2.70E+031 I
CAO I 3.87E+041  II	 1.89E+0-11 I

CD+2 7.93E+00 2.09E+00 I I	 I l	 I I I
CDO I I 	2.38E+001 I	 I	 9.06E+00 I

CE+3 2.35E+02 237E+00 I	 I I

CF-103 I I I	 2.79E+00 I	 2.76E+021 I
CL 3.49E+00 3.11E+02 I	 I 1
CL2 I I

CO I I I I

CO2 1 I I
CO3-2	 i 2.2SE+021 3.37E+03 I I I

CR+3 132E+021 I i 1	 1
r5CO3 	 I I I I 1	 2.11E+021 1	 1	 5.79E+O11 I
CR(OH) t-	 I I 1. 19E+021 1 1	 1 i'	 1 I
C5+	 I 9.23E-021 8.19E-0 11 I I I I
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CS2O ! I I	 I	 6.83E-031 I1	 9.58E-011 1
CU+2 1	 7.46E-011 1.77E-00 I	 i I I	 I I I
CUO I I I 211E-011 I	 I	 934E-011
CUSO4 I I I 1 I 1
F- I	 5.97E+011 1.12E+03 I	 i I	 I 1
F2 I I i I I	 I I I
FE+3 7.63E+021 1.44E+01 1	 I
FE2O3 I	 2.06E+O1) I	 1.21E+031 I
H2 I I I I
H2O 1	 5.07E+051 I I IMIS I	 I 1 I I
HG 1 1

HG+2 9.00E-031 9.49E-01 I I
F I	 2.02E+0II 5.46E+02) ! I	 I
e I I I I	 I
K+ 2.IOE+OI 2. L9E-01 I 1
ILO I I	 2.65E-011 I	 2.53E+01
KEROSENE 1 I I I
LA+3 2.IOE+0II 2.19E-0I I ! I
LA2O3 2.58E-01 1	 2.46E+01 I
Ll+ 2.46E-02 5.77E-03 I I I

LIZO 1.24E-02 5.00E+021	 5.03E+02 I
MG+2 I.IOE+OL 9.65E-01 I I I I
MGO I	 1.60E+00 1.88E+0l I
MNO2 2.09E+02 2.17E+OI 1	 2.16E+OI 2.09E+02 1
MO+6 8.01E-011 4.87E+00 I
M003 j 1	 7.29E+001 1	 1.22E+00
N2 I I
NA+ j	 7.77E+02 6.51E+041 I 1 I I
NA2O 1	 - 1	 9.68E+041 I	 3.14E+03
NH3 I
NI+3 I	 6.57E+001 4.07E+00 I
NLFECN6 I	 5.00E+021 I I
NUO3 1 1	 5.72E+00I 9.27E+00
NIO 1.50E-02 2.27E+02
NO 1
NO2	 I
NO2- 7.38E+01 9.54E+03
NO3- 1.03E+03 1.06E+05 I 1
NP+4 132E-0I 1.46E-02 1
NPO2 1.66E-02 i 1.50E-01
02 1 I
OH- 5.00E+03 6.44E+031 I
PB+4 138E+001 1.96E+001 I I I '
PBO2 2.26E+001 I 3.79E+00
PO4-3	 1 2.39E+03 238E+03
P2O5 I	 3.09E+03 6.22E+02 j
P2O5.24W 531E-01
PU+4 427E-01 2.88E-02 j
PUD2 1 3.26E-02 I	 4.84E-01 j
S
SI+4 7.90E+01 5.65E+00 I
SIO2	 1 219E+05	 2.29E+051 1 1.13E+04	 1.25E+04
SO2	 I I I
SO4.2 3.97E+OI 22.01E+03 I 1
SR+2 3.64E+01 3.75E-01 1	 I I
SRO	 1 I j	 4.00E-011 1	 4,29E+01 I
TCO2 I I
TC04-	 I 5.68E-01 2.52E+001 I I I
TC2O7 1	 2.94E-02I I	 2.91E+00
TOC	 j 1.16E+02 1.42E+03 I	 i I	 I 1
UO2+2	 I 1.58E+031 8.52E+01 I	 ! 4	 1 I
UO3 I I	 9.02E+Ol l I	 1.67E+031 I
V+;	 I 1.88E-0I 6.20E-02 I	 I I
VLOS	 I j	 1.11E-0t I	 3.35E-01I 1
W+6	 1 7.47E-01 I	 !
0702 1 1	 2.91E-051 I 4,41E-0I I
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Phased Implementation

WO3	 I I	 1	 9.10E-0 11	 I 1 2A6E-031 I
ZN+2	 9.45E-0 11 3.59E+001 ! I ! i
ZNO	 ! 1 1 !	 4.46E+001 ! I	 l.I9E+00 I

ZR+4	 2.77E+021 4.48E-0I I !' 1 1 I

ZR02	 I I I I I	 6.49E-0 11 I I	 6.90E+021 I
ZRO22H2	 I	 .09E+02! 2.15E+01! I ! I I	 I

! I i	 !

WH	 D<n P+ ka	 x{<^ ^ I 1 i ! I

Mass LAW wasw oxides I I 1 106542.36961 I

LAW waste loading (waste oxide) ! I 1	 28% I ! I
LAW waste loading (sodium oxide) I i I	 25% ! I

Mass HLW waste oxide I 1 I I	 7.26E+03
HLW waste loading ('mow oxides) ! ! ! 29%1 _	 I

! ! 1 !	 I

HLW
I I I

20 vt. 7. wa<te odd, Ioadln2 I I

Blending facmr I	 LI 1.251 1.51 21 35
Mau of glass required to achieve 20% wo loading. MT 36304.939051 45381.17381 1 54457.408581 77609.87811 127067.2867 I

Additional frit requ(md(	 uals increased glass) :MT I I	 1.12E+04 2.03E+04 2.94E+04 4.75E+04 1.02E+05
[oral Eric required. MT 1 . 2.48E+04 1 3.39E+04 4.30E+04 6.I IE+04 1.16E+05 I

I I

glass dews	 (MT/m'3) 1	 2.631 I I
culltt packing fraction 0.7 (LAW o nly) I I

Wale volume (m'3) I	 1.38E+04! 1.73E+04 2.07E+041 2.76E+04 1 4.83E+04 !
Canister Volume (m°3) 0.62 1 !

Number of Caniste rs (ix) 2.23E+04 2.78E+04 3.34E+041 4.45E+04 7.79E+04
Nu. of Canisters /HMPC 1	 4
Number of HMPCs I 5.57E+03! 6.96E+03 8.35E+031 l.I IE+04 1.95E+04 I

Number of ui s ® l0 HMPCs /tri 5571 696 835 1113 1948 I

I I

fIa« (ermelai nn•

(ref Ext. Sep Data Pkg.) acceptable range 1! 1 1$ 1.31 21 33 1

SiO2 42 to 57 vrt 9. 60.08%! 64.689. 67.75% 71.59% 7652%
B203 5 w 20 wt % 8.82% 9.639. 10.179. 10.84% 11.717.. I
Na20 5 to 20 svt 9. 8.659. 6.927, 5.77% 432% 2.477,,
U20 1w7wt% 2327, 2.75% 2.917. 3.10% 335%
Fe203 2 to 15 wt % 333% 0.00% 0.007. 0.00% 0.00%
CaO < or- 10 wt 7. 032%) 0.42% 035% 0.26% 0.15% I

MgO < or - 8 wt IF ! 0.05% 0.04% 0.03% 0.03% 0.01%
Al2O3 < or - 15 wt % I 4.77% 3.81% 3.18% 2.38% 1.36% 1
ZrO2 < or - 13 wt % 1.90% L52%j 1.277 0.957,! 054% I
Cr203 < or - OS <vt 7. 0.16% 0.137. 0.11% 0.08% 0.05% 1

P2O5 < or -3 wt % 1.71%1 1377, 1.14% 0.867. 1 0.49% . 1

SO3 <or-0.5 wt 7. I

! II
HL W Fanil'[v S'vtno I
Schedule 18 r	 I UL I

Capacity MT/day 701 1 I W Ir	 v. •h

I
Overall eff¢icrmy, % 3 53% 717.1 124% I

Required capacity MT/day (assuming 14 yrs ops. 60% OE) 11.841 14.80 1 -rr?6 ------3.681 41.44
Required opcoting duration ya (assuming 20,	 /day. 60% OE) I I 10.36 12.43 16.58 _	 l

15 wt % waste oxide loading I 1 I
Mass of glass required co achieve 15% wo loading MT 4.84E+04! 6.05E+04 7.26E+04 9.68E+04 1.69E+051 I

Volume (m7) 1.84E+04 1 2.30E+04 2.76E+04 3.68E+04 6.44E+04
Number of Cardue[s (ix) 2.97E+041 3.71E+04 4.45E+04 5.94E+04! 1.04E+05

I

40 wt A waste oxide loading i
Mass of glees required to achieve 40% wo loading MT
Volume (m'3) as culler	 I

I
I

I

i
1.82E+041
6.90E+031

2.27E+04
8.63E+03

I
2.72E+04
1.04E+04!

i
3.63E+041
1.38E+041

i
6.35E+041
2.42E+04

I

Numberof Canisters (lx)	 I I 1.11E+041 1.39E+04 1.67E+041 213E+041 3.90E+041 d
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Phased Implemeoration

	 `R^

i	 -	 I I 1 I	 ^	 I	 i I I
I	 I I I I	 I	 I I I

LAWK	 I I I I I	 I	 I

i	 I I 1	 t	 I I I
j uY. a wliffm omde l^	 oadln-	 1 i

Blending factor	 I	 I i II 251 1.51	 21	 3.51
Mass of glus required  to achieve 15% wo loadin • NIT I	 6.45E+051 8.07E+051 9.68E+OS	 129E+061	 2.26E+06
additional frit required (equals increased	 lass) IT I I	 3.64E+05 5 .26E+OS 6.87E+051	 I.OIE+061	 1.98E+06
Coal frit required, NtT I 6.45E+051 8.07E+051 9.68E+051	 129E+061	 226E+061 I

I I I	 I I

glass density (MT/m7)	 1	 2.63 I I	 I
cullct packing fraction 	 I	 0.71 I 1 I 1	 1	 I I I

I I I I
Waste volume (m^3) I 3,51E+OS 4.38E+03 126E+05	 7.OIE+051	 1.23E+061

1
I

Number of 5300 m"3 vault I 66 83 991	 1321	 231 I
I I I	 I I

LAW facility sizing	 I I I I	 I	 I I I
Schedule, years	 14

Capacuv XT/day	 200 I I

63%1Overall efficiency, % 79% 95R	 126.%1 	 221%1
Required capacity MT/day (assuming 14	 rs o s. 609e OE) 2 10.48 263.10 315.72	 420.96	 736.681
Required opeming duration vrs (assuming 200 hIT/day, 60% OE) 14.731 18.421 2-1.101	 29.471	 5IS7

10 wt. 4e sodium oclde loadinv
Blending factor
	 7 1 11 1	 21	 3.3

Mass of Sias requi red to achieve 10 9680001 1	 19360001	 3388000

Waste volume. m'3	 I I 525801.195 1051602.39	 1840304.183
Number of 5.300 m"3 vault 1 991 198	 3471 I

I 1 I

cwt. % sodium mide loading I I I	 I I
Blending factor	 1

2

	 3.5

Mass of glass required to achive 3 wt 9 Na2O J87200 I	 774400	 1355200

I
Ware Volume 1 210320.478 I	 420640.9561	 ]36121.6]7

Number -.C5.300 m'3 vault 401 1 79)	 139

Page 4
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: New Ex Situ/In Situ Combination alternative

Assumptions
1. Selection process for identifying tanks for ex situ processing results in retrieval of the waste from 23
tanks and filling and capping 154 tanks.
2. Based on the tanks identi

fi
ed and the Dec. 1995 waste status report, the volume of waste in the 23

tanks is 14.8 mil
li

on ga
ll

ons out of a total 56 mi
ll

ion ga
ll

on inventory in all 177 tanks.
3. Use the Ex Situ Intermediate Sepa rations alternative process and waste loading. The Ex Sim Int, Sep.
Alt produces: 54,400 rat HLW @ 20 wt. % waste oxide loading (less Si & Na) at a blending factor of 1.5,
8.07E+05 nit LAW @ 15 wt %Na2O loading at a blending fa ctor of 1.25.
4. The amount of BLW and LAW produced by the Junior Combo alternative can be determined using a
ratio of the inventory volumes to be processed (14.8 Mgal/56 Mgal = .26). Therefore, the volume of
BLW and LAW produced for the Junior Combo would be:

HLW = 0.26 x 54,400 rat HLW = 14,140 rat HLW
LAW = 0.26 x 8.07E+05 rat LAW = 210,000 rat LAW

5. Scheddle assumptions based on TPA milestones and Phased Implementation are:
Start up= 2002-2003.5 (1.5 years)
Phase 1 Operations = 2003.5-2011 (7.5 years)
Upgrades = 2011-2013 (2 years)
Phase 2 Operations

LAW= 2013-2024 (11 years)
HLW = 2013-2028 (15 years)

6. Assume the Phase 1 treatment facili ties would be the same as the Phased Implementation alternative:
HLW =1 mt/day
LAW = 20 mt/day x 2 plants = 40 mt/day

7. Operating efficiency
Phase 1 = 60 percent
Phase 2 = 70 percent

8. The Phase 1 treatment facilities would be upgraded following Phase 1 to increase capacity as required
to increase the capacity and operating efficiency for Phase 2. No new pl ants would be constructed for
Phase 2 processing.
9. Assume separations processes ar 1/3 of the way between Intermediate Sepa rations and Extensive
Separations (same assumption as Phased Implementa tion)
10. The number of HLW canisters for disposal would be 1/3 of the Intermediate Separa tions alternative.

Calculations:
1. Phase 1 production:

LAW = 40 mt/day x 0.6 (OE) x 365 day/yr x 7.5 yr.= 65,700 mt LAW
HLW = 1 mt/day x 0.6 (OE) x 365 day/yr x 7.5 yr = 1,640 rat BLW

2. Phase 2 production would then need to produce:
LAW= 210,000 rat LAW - 65,700 rat = 144,300 mt LAW
HLW = 14,140 rat - 1,640 rat = 12,500 rat HLW

3. Phase 2 treatment facilities must then be sized to produce :
LAW = 144,300 mtt(0.7x365day/yr x 11 yr) = 51.3 - 52 mt/day (or 26 mt/day per LAW plant)
HLW = 12,500 mt/(0.7 x 365 day/yr x 15 yr) = 3.2 ^- 4 mt/day

4. HLW disposal requirement:
Number of canisters to be disposed of = 1/3 x 33,400 = 8,700 canisters @ 0.62 m3

5 Waste Retrieval and Transfer requirements:



a-^

This alternative retrieves 26% of the total waste volume from 13% of the tanks which include 11 SSTs
and 12 DSTs.

Therefore by tank type would retrieve wastes from 11/149 = 7 .4 % of the SSTs, and 12128 = 43% of the
DSTs.

Based on WR&T backup to table 5-13:
SST (w/o subsurface barriers):

Capital = 1,857
Op Staff hrs = 50,148,578
Op Cost = 3,965
M&M Cost = 0
R&D Cost = 135
Total Cost-6,957 million 1995

DST

Capital = 964
Ops Staff Tars = 9,513,418 hrs
Ops Cost = 752
M&M = 0
R&D = 48
Total Cost = 1,764 mi

ll
ion 1995

R&D = 135+48 =183 million, shouldn 't change

From the WR&T data pkg. labor is 85% of the cost of retrieval , therefore, operating cost equals scaled
labor + 15% to account for materials and supplies.
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Stein, David

'From: Stein, David
To: Henderson, Colin
Subject: RE: New Alternative
Date: Thursday, Februa ry 15, 1996 2:42PM

Following is the cost summary for the new alte
rnative (Junior Combo), cost unce rtainty to follow Friday mo rn ing:

Current Operations $8,600
R&D 183
Capital

In Situ Fill & Cap 23
WR & T 970
Treatment 2,303
Closure 125

Total 3,421
Operating

In Situ Fill & Cap 219
WR & T 952
Treatment 2,956
Total 4,127

Repository Fee 4,000

Total Cost $20,331 million

From: Hende rson, Colin
To: Stein, David
Subject: New Alternative
Date: Wednesday, Februa ry 14, 1996 9:43AM

Dave,
Attached is the write up for the new combination alte rnative that is supposed to go into Chapt. 3 of the EIS.
Please check assumptions and calcs, develop a new estimated cost and run the cost unce rtainty model to get a
cost range. The unce rtainty inputs should be similar to the current combination alte rnative?

Thanks, Colin

<<File Attachment: JUNIOR.DOC >>

v^-
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Ex Situ alternative comparison

Waste Blending Canister Count (HLW) or, Canister Size Overall Duration of Trips to Repository Trips to Repository
Loading Factor Number of LAW Vaults Vault Size Processing Plant Operations 10 rail cars/train 10 rail cars/train
weight % (m"3) Efficiency (years) 2 car/HMPC 4 can/lIMPC

No Scparuttons sbk-I(we
_I J WHC Data Pkg. 30% I 21400 ', S^	 )10 36% 14 2140

Proposed DEIS 20% 1.5 587426 0.62 60% 15 29371 14686
Intermediate Separations
_ HLW

WHC Data Pkg. 45% 1 1 10$	 6800 1.26 25% 14 340 170
Proposed DEIS 20 75. 1.5 33386 0.62 60% 12 1669 835

LAW

WHC Data Pkg 25% 1 40 5300 36% 14
Proposed  DEIS 15% 1.25 83 5300 60 17. 19

Extensive Separations
HLW	 bo rn stic t'&+

WHC Data Pkg. 34% 1 N (	 502 -	 0.62 26 7. 14 25 11
Proposed DEIS 20% 1.5 1571 0.62 "	 50% 14 79 39

LAW	 arus(kc.,}t

WHC Data Pkg. 25% I
P325

38	 40 5300 36% 1 9
191Proposed DEIS 1	 15% 83 5300 60%1

1

1/27/96	 Page I	 WSTLOADYLS short Summary
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CO ÎQLE I ^^
Np^PtRn

I	
f	 (Tj	 I^o	 OU

C 7 \I^fi^	 '4N

Tul	 W p ;^o

I	 iluJjo
I CA N C I'N
I'(%U 12

jtr
^(
i C^y /I v: ,m

Ul y N^GI Ic 1T01̂ ^ ^O	 I N

I	 .IP O^c15S'I ,	 I i2 1 ANtL
(YhP^I C^

I

p N^
1^^	

o l F pR^C
HICr

ESSES

1

{NO

Slut

St^^-
UN_

vIT

rv t

.
-$Nt2eAS^^

wN

^jut_I

S..I

1 b

11^I le-

^ ^SSIrn1Sm n

-o

I ^	 I	 I	 I	 ! I	 I	 i I	 I I I I I I  I	 i -
I' dYCRIaT`N4 I ^ ^	 i j i	 I

i	 I C-I Re IkCK^*cNT) I

` ^ P 20 6^	 i N o NI hI^ I	 e^^//̂ I	 ,V^//;
r	

I
r

b
}^

I
+ l^^o-^i0^o^^ IO^o^7S /.IiUI.^Z

S	 I

I
^

I

I

I	 ^

I	 I

I

I
..

I

(

I
I

I

Co iv1 m eNIfS :jI P12o1 6. I
i

Qy
9CC 2	 ESI	 ^

T i rzrvArl^
1	 1+	 I-br^^^	 I	 19^U/^ f^(T l

Vu	 ITOI 
.
^f^rL4 -

Y11I1

I
k
0
5^

l	 iUF	 I}L_W

^FFLc- TI	 0 I
, G^/4SI

$^ o
;.VC-(L(j Î E 1^	 1
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DEQREES Of OPTIMISM ANN PESSIMISM

EXPENSE ELEMENTS ROFIT ELEMENTS

Possimism

Absolute 0%

Pessimism

Absolute t00%

Extreme

Moderate

s%,to%,15%

10x,45%,70x

Extreme

odorale

05x,	 %,¢5x
—

7	 ,75x, sox

Slight 35%,40%,46% ht 65X,60x,65X

Ambtvalonce Sox Amblvolonco 50%

Oplimism

Slight

Moderate

Exlreme

Absolute

55x,00%,05%

70%,75%, 80%

95%,90%,95x

t00%

Opllmis

Ighl 15%,40%,95%

Moderate

Extreme

N2025%,f

Absolute

G./

tial uncertainty about the actual value of the critical
element its range will be quite broad. Converse y, a-
lesser degree of uncertain t will be reflected as a nar-
rower range fort a critical element.

NOTE: The lowest and highest values are completely indepen-
dent of the probability factor. It is quite possible that a given
critical element could have a fairly small difference betyieen its
target and lowest value and yet have a high probability of its
actual value materializing in that narrow part of the range.
Examples of this often occur in expense elements where it is
not unusual to have a very small chance of the actual exceed-
ing the target but, if it does, the amount by which it can exceed
it is very large. Such a range is said to be "highly skewed."

The Range

A range of possible values is specified for each critical
clement in the plan. The range is determined by sspecci-
lying the lowest and highest va ees t e c't ealeeie-
ment can assume. These lowest and highest values
are se ,atar apart that there is greater than a 98%
probability that the actual value of the critical element
will materialize within the resulting range. Specifi-
cally, the 'lowest" value is set so low that there is less
than 1 chance in 100 that the actual value will be any
lower; similarly, the "highest" value is set so high that
there is less "than a 1% probability that the actual
vnlue will be any higher. Thinking of it another way,
the odds are about 99 to 1 against the actual value
being lower than the lowest value. Also, the odds are
about 99 to 1 against the actual value being higher
than the highest value. Qualitatively speaking, the
lowest and highest values are set far enough out such
that they capture the "rather improbable" but not the
"slightly absurd." Quite obviously, if there is substan-

Some people have difficulty with the idea of supplying
a range; some even claim that the range is nothing
more than a lot of guesswork. But that's precisely why
the range is valuable in decision-making; it involves a
id of educated guessing by qualified people. On the

! other hand, the single-point value involves only a little
guessing -- so little, in fact, that it can lead to serious
errors in decision-making. There is nothing wrong
with guessing. Nobel prizes have been awarded for
shrewd guessing! Put another way: with the range,
the decision-maker will be approximately correct; with

j	 the traditional single-point value, exactly wrong!
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February 8, 1996

To: Mark Nelson/David Stein

From: Larry Selby

Subject: Review of REP-PC Risk Analyses

I have reviewed the input of the ten remediation scenarios and generally find them
_	 within reasonable ranges. I changed the input of one of the more complicated senarios ,,-

generally widening the spread between low and high, (usually by increasing the high end). .
The results were reasonably close (within about 5 %) which pretty much verifies the
suitability of the variables as entered in the program. Certainly the target estimate
numbers are not within an accuracy of 5% of total cost at the Order of Magnitude level
of the estimates. At this point, very little is to be gained by changing the model and re-
running the program.

I would recommend that at some appropriate future time a group of 4 to 6 individuals,	 _.
most familiar with each of the processes meet, and re-evaluate the entries used in
developing the model and then re-run the program. One of these individuals should be
one of the estimating team who is familiar the the details of how the estimate (target
amount ) was developed. Additionally, the smaller items should be dropped, as they tend
to distort the results, although they would not affect the actual total cost. I would also
warn to resist the temptation to group the small items and treat them as a single item to
make the arithmetic appear correct. This also distorts the results. Having used this
program a number of times over the past few years I have found that we are frequently too
optimistic in entering the highest cost. This number should be the cost that the group is
99% certain cannot or will not be exceeded by even the worst of circumstances. I would
also recommend that at the Order of Magnitude estimate level, the contingency applied by
the estimator should be considered as a real cost and not considered in arriving at the ': _ _ =
highest possible cost. More often than not that contingency is required in progressing to -" _=
estimates prepared from detailed design documents.



REP/PC (Ver 4.0) - MGMT REPORT 1 RANGE ESTIMATE 02-06-96

DATA	 : ExSitu Exten. Case O1
MODEL : BASIC MODEL (SUMMATION)

NUM ELEMENT UNIT	 TARGET PROB+ LOW HIGH

1 Current Operations 14300	 50 11440 17160
2 R&D Waste Ret. & Transfer 0 0 0
3 R&D Treatment 0 0 0
4 Capital Waste Ret. & Transfer 0 0 0
5 Capital Treament 0 0 0
6 Capital Closure 0 0 0
7 operations Waste Ret. & Transfer 0 0 0
8 operations Treatment 0 0 0
9 M& M 0 0 0

10 Repository Fee 0 0 0

TOTAL EXPENSE (INPUT To REP/PC) 14300 11440 17160
(THEORETICALS)

+ PROBABILITY THAT ACTUAL VALUE WILL BE EQUAL TO OR LESS THAN TARGET

ou. -C >uc
C^C-



REP/?C (Vei-4:0) - MGMT REPORT 2 GRAPHICAL OVERRUN PROFILE : 02-06-96
DATA : ExSitu Exten. Case 01
MODEL : BASIC MODEL (SUMMATION)
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*

*
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OVERRUN PROBABILITY (PERCENT)



REP/PC (Ver-4-.0) - M

DATA
MODEL

TOTAL
EXPENSE

14300

NUM ELEMENT

3MT REPORT 3 GRAPHICAL PRIOR-TTY PROFILE : 02-06-96

: ExSitu Exten. Case 01
: BASIC MODEL (SUMMATION)

	

PROB OF	 NET EFFECT OF

	

OVERRUN	 FROZEN ELEMENTS

	

51 PCT	 0 =	 .0 PCT

UNIT	 CORRECT	 PROTECT

1 Current Operations
NET EFFECT OF FROZEN ELEMENTS

I.............

0



. V.O/ V^j

REP/PC (Ver-4-.0) — MGMT REPORT 4 CONTINGENCY PROFILE	 02-06-96

DATA ExSitu Exten. Case 01
MODEL BASIC MODEL (SUMMATION)

TO BE THIS CONFIDENT OF ADD THIS CONTINGENCY
NOT HAVING COST OVERRUN ABSOLUTE RELATIVE

100 PCT 2860 20.0 PCT

99.95	 " 2849 19.9	 "

95 of 12.5

90 If 10.0

85 " 1176 8.2

80 " 954 6.7	 "

75 It 5.6	 "

70 to 578 4.0	 to

65 41 3.2	 it

60 . to 311 2.2	 "

55 " 177 1.2

50 if 15 .1	 it

45 " —123 —.9	 to

40 to —263 —1.8	 if

35 " —382 —2.7	 of

30 " —576 —4.0	 "

25 to —5.0	 of

20 " —896 —6.3	 "

15 of —1167 —8.2	 of

10 41 —9.6	 to

5 It —12.2

0.05 It —2839 —19.8

0 19 —20.0	 "

(ABOVE RESULTS DERIVED FROM 1000 SIMULATIONS)



REP/PC (Ver-4.0) - MGMT REPORT 1 RANGE ESTIMATE : 02-06-96

DATA	 : ExSitu Eaten. Case 02
MODEL : BASIC MODEL (SUMMATION)

NUM ELEMENT UNIT	 TARGET PROS+ LOW HIGH

1 Current Operations 14300 50 11440 17160
2 R&D Waste Ret. & Transfer 100.00 100.00 100.00
3 R&D Treatment 0 0 0
4 Capital Waste Ret. & Transfer 1930 50 1544 3281
5 Capital Treament 4000 50 3200 4800
6 Capital Closure 0 0 0
7 Operations Waste Ret. & Transfer 440 440 440
8 Operations Treatment 0 0 0
9 M& M 0 0 0

10 Repository Fee 0 0 0

TOTAL EXPENSE (INPUT TO REP/PC) 20770 16724 25781
(THEORETICALS)

+ PROBABILITY THAT ACTUAL VALUE WILL BE EQUAL TO OR LESS THAN TARGET



REP/PC (Ver-4.0) - MGMT REPORT 2 GRAPHICAL OVERRUN PROFILE
DATA : ExSitu Exten. Case 02
MODEL : BASIC MODEL (SUMMATION)
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OVERRUN PROBABILITY (PERCENT)



REP/PC (Ver-4-.0) - Mi

DATA
MODEL

TOTAL
EXPENSE

20770

3MT REPORT 3 GRAPHICAL PRIORITY PROFILE : 02-06-96

: ExSitu Exten. Case 02
: BASIC MODEL (SU3.lATION)

	

PROB OF	 NET EFFECT OF

	

OVERRUN	 FROZEN ELEMENTS

	

54 PCT	 0 =	 .0 PCT

NUM ELEMENT	 UNIT	 CORRECT	 PROTECT

1 Current Operations 	 ------------- +++++++++++++
4 Capital Waste Ret. & Transfer	 ------- ++
5 Capital Treanent	 ---- ++++
NET EFFECT OF FROZEN ELEMENTS



REP/PC (Ver-4.0) - MGMT REPORT 4 CONTINGENCY PROFILE	 02-06-96

DATA	 : ExSitu Exten. Case 02
MODEL : BASIC MODEL (SUMMATION)

TO BE THIS CONFIDENT OF ADD THIS CONTINGENCY
NOT HAVING COST OVERRUN ABSOLUTE RELATIVE

100 PCT 5011 24.1 PCT

99.95	 " 3750 18.1

95 it 2327 11.2

90 It 1771 B.S.

85 to 6.8

80 It 5.6

75 " 958 4.6

70 +' 741 3.6

55 to 2.9	 "

60 it 442 2.1

55 to 301 1.5	 it

50 It 141 .7	 If

45 It -30 -.1

40 it —201 —1.0	 "

35 to —360 —1.7	 It

30 +i -512 -2.5

25 41 -3.4

20 it -886 -4.3	 it

15 41 —5.3

10 If —7.0	 It

5 of —1894 —9.1	 't

0.05 " -3857 -18.6

0 $1 -19.5

(ABOVE RESULTS DERIVED FROM 1000 SIMULATIONS)



REP/PC (Ver'4.0) - MGMT REPORT 1 RANGE ESTI_MATE : 02-06-96

DATA	 : ExSitu Exten. Case 03
MODEL : BASIC MODEL (SUMMATION)

NUM ELEMENT UNIT	 TARGET PROB+	 LOW HIGH

1 Current Operations 6566 50	 5253 7879
2 R&D Waste Ret. & Transfer 0 0 0
3 R&D Treatment 0 0 0
4 Capital Waste Ret. & Transfer 0 0 0
5 Capital Treament 25.00 25.00 25.00
6 Capital Closure 116.00 116.00 116.00
7 operations Waste Ret. & Transfer 0 0 0
8 Operations Treatment 274 274 274
9 M& M 0 0 0

10 Repository Fee 0 0 0

TOTAL EXPENSE (INPUT TO REP/PC) 6981 5668 8294
(THEORETICALS)

+ PROBABILITY THAT ACTUAL VALUE WILL BE EQUAL TO OR LESS THAN TARGET



REP/PC (Ver'4.0) - MGMT REPORT 2 GRAPHICAL OVERRUN PROFILT E 02-06-96
DATA : ExSitu Exten. Case 03
MODEL : BASIC MODEL (SUMMATION)

9500 -1
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7000- ----------------------****-----------------------

	

6500-	 ,t*

*
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*

5500-1

-TARGET
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4500-	 .

	

.05 10	 20	 30	 40	 50	 60	 70	 80	 90 99.95
OVERRUN PROBABILITY (PERCENT)



REP/PC (Ver-4.0) - MGNT REPORT 3 GRAPHICAL PRIORITY PROFILE 02-06-96

DATA : ExSitu Exten. Case 03
MODEL : BASIC MODEL (SUMMATION)

TOTAL	 PROS OF	 NET EFFECT OF

	

EXPENSE OVERRUN	 FROZEN ELEMENTS

6961	 51 PCT .	0 =	 .0 PCT

NUM ELEMENT	 UNIT	 CORRECT	 PROTECT

1 Current Operations	 ------------- I....+++++++++
NET EFFECT OF FROZEN ELEMENTS

0



C-L4. V^J

REP/PC (Ver-4.0) - MGMT REPORT 4 CONTINGENCY PROFILE	 02-06-96

DATA	 : ExSitu Exten. Case 03
MODEL : BASIC MODEL (SUMMATION)

TO BE THIS CONFIDENT OF ADD THIS CONTINGENCY
NOT HAVING COST OVERRUN ABSOLUTE RELATIVE

100	 PCT 1313 18.8 PCT

99.95	 ' ' t 1308 18.7

95	 of 818 11.7

90	 to 657 9.4	 tt

85	 " 540 7.7	 "

80	 to 438 6.3	 t'

75	 to 366 5.2

70	 It 265 3.8

65	 it 206 3.0	 "

60	 " 143 2.1

55	 of 81 1.2

so	 it 7 .1	 of

45	 " —57 —.8	 tt

40	 to -121 -1.7	 't

35	 of —175 —2.5	 1e

30	 " —265 —3.8	 to

25	 It —329 —4.7	 M

20	 It -411 -5.9	 ^

15	 it -536 -7.7

10	 it —632 -9-0	 It

5	 " -801 -11.5	 It

0.05	 " -1303 -18.7	 tt

0	 to —1313 —18.8	 It

(ABOVE RESULTS DERIVED FROM 1000 SIMULATIONS)



REP/PC (Ver, -4.0) - MGMT REPORT 1 RANGE ESTIMATE 02-06-96

DATA	 : ExSitu Exten. Case 04
MODEL : BASIC MODEL (SUMMATION)

NUM ELEMENT UNIT	 TARGET PROS+ LOW HIGH

1 Current Operations 7749 50 6199 9299
2 R&D Waste Ret. & Transfer 0 0 0
3 R&D Treatment 70.00 70.00 70.00
4 Capital Waste Ret. & Transfer 0 0 0
5 Capital Treament 4900 15 4410 9600
6 Capital Closure 116.00 116.00 116.00
7 Operations Waste Ret. & Transfer 0 0 0
8 Operations Treatment 2740 15 2466 8220
9 M& M 0 0 0

10 Repository Fee 0 0 0

TOTAL EXPENSE (INPUT TO REP/PC) 15575 13261 27305
(THEORETICALS)

+ PROBABILITY THAT ACTUAL VALUE WILL BE EQUAL TO OR LESS THAN TARGET
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REP/PC (Ver-4.0) - MGMT REPORT 2 GRAPHICAL, OVERRUN PROFILE : 02-06-96
DATA	 ExSitu Exten. Case 04
MODEL BASIC MODEL (SUMMATION)

28-

26-

,t

*

*

*
,t *

**
***

***
***

***
***

***

-------------------------------------------*,^*---  -TARGET
**

10-'

X 1,000	 ---- ---- ---- i ---- i ---- ---- i ---- ---- ---- i ----
.05 10	 20	 30	 40	 50	 60	 70	 80	 90 99.95

OVERRUN PROBABILITY (PERCENT)



CORRECT	 PROTECT

-----------I
++

REP/PC (Verr =:.0) - M

DATA
MODEL

TOTAL
EXPENSE

15575

OBIT REPORT 3 GRAPHICAL PRIORITY PROFILE : 02-06-96

: ExSitu Exten. Case 04
: BASIC MODEL (SUMMATION)

	

PROB OF	 NET EFFECT OF

	

OVERRUN	 FROZEN ELEMENTS

	

91 PCT	 0 =	 .0 PCT

NUM ELEMENT	 UNIT

8 Operations Treatment
5 Capital Treament
i Current operations
NET EFFECT OF FROZEN ELEMENTS

n



REP/PC (Ver-4-.0) - MGMT REPORT 4 CONTINGENCY PROFILE	 02-06-96

DATA	 : ExSitu Exten. Case 04
MODEL : BASIC MODEL (SUMMATION)

TO BE THIS CONFIDENT OF ADD THIS CONTINGENCY
NOT HAVING COST OVERRUN ABSOLUTE RELATIVE

100	 PCT 11730 75.3 PCT

99.95	 " 9656 62.0

95	 " 7137 45.8

90	 " 6031 38.7

85	 " 5390 34.6

80	 " 4923 31.6

75	 " 4556 29.3

70	 " 4123 26.5

65	 of 3777 24.3	 "

60	 " 3485 22.4

55	 " 3186 20.5

50	 " 2832 18.2

45	 " 2499 16.0

40	 " 2174 14.0

35	 " 1773 11.4

30.	 " 1404 9.0

25	 " 1082 7.0

20	 " 750 4.8

15	 " 348 2.2

10	 " 71 .5

5	 " -306 -2.0

0.05	 " -2201 -14.1

0	 " -2314 -14.9

(ABOVE RESULTS DERIVED FROM 1000 SIMULATIONS)



REP/PC (Ver-4.0) - MGMT REPORT 1 RANGE ESTIMATE : 02-06-96

DATA	 : ExSitu Exten.	 Case 05
MODEL : BASIC MODEL (SUMMATION)

NUM ELEMENT	 UNIT TARGET PROBT LOW HIGH

1 Current Operations 8600 50 6880 10320
2 R&D Waste Ret. & Transfer 190.00 190.00 190.00
3 R&D Treatment 630 630 630
4 Capital Waste Ret. & Transfer 2280 50 824 3876
5 Capital Treament 3600 40 2880 7200
6 Capital Closure 169.00 169.00 169.00
7 Operations Waste Ret. & Transfer 4820 50 3856 8194
8 Operations Treatment 5577 65 4183 5578
9 M& M 0 0 0

10 Repository Fee 6500 95 3900 6501

TOTAL EXPENSE (INPUT TO REP/PC) 32366 23512 42658
(THEORETICALS)

+ PROBABILITY THAT ACTUAL VALUE WILL BE EQUAL TO OR LESS THAN TARGET



RED/PC (Ver-4.0) - MGMT REPORT 2 GRAPHICAL OVER.RIN)l PROFILE : 02-06-96
DATA : ExSitu Exten. Case 05
MODEL : BASIC MODEL (SUMMATION)
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3MT REPORT 3 GRAPHICAL PRIORITY PROFILE : 02-06-96

: ExSitu Exten. Case 05	 -
: BASIC MODEL (SUMMATION)

	

PROB OF	 NET EFFECT OF

	

OVERRUN	 FROZEN ELEMENTS

	

47 PCT	 0 =	 .0 PCT

UNIT	 CORRECT	 PROTECT

5 Capital Treament
10 Repository Fee
7 Operations Waste Ret. & Transfer
4 Capital Waste Ret. & Transfer
1 Current Operations
S operations Treatment
NET EFFECT OF FROZEN ELEMENTS

REP/PC (Ver-4,.0) - M

DATA
MODEL

TOTAL
EXPENSE

32366

NUM ELEMENT

+-ft+++++++++++



REF/PC (Ver-4:0) - MGMT REPORT 4	 CONTINGENCY PROFILE 02-06-96

DATA : ExSitu Exten. Case 05
MODEL : BASIC MODEL (SUMMATION)

TO BE THIS CONFIDENT OF	 ADD THIS CONTINGENCY
NOT HAVING COST OVERRUN 	 ABSOLUTE	 RELATIVE

	

100	 PCT	 10292	 31.8 PCT

	

99.95 "	 5824	 18.0

	

95	 It 	 10.1

	90	 It	 2553	 7.9

	

85	 it	 2094	 6.5

•	 80	 of	 1707	 5.3	 it

	75	 if	 1342	 4.2	 to

	70	 to	 941	 2.9 "

	

65	 if	 633	 2.0

	

60	 if	 356	 1.1	 of

	55	 It	 114	 .4	 it

	50	 it	 -101	 -.3 "

	

45	 If
	 -1.0	 4'

	

40	 it	 -607	 -1.9 to

	35	 It
	 -2.5

	

30	 'T	 -1046	 -3.2 of

	25	 of	 -1363	 -4.2

	

20	 it	 -1622	 -5.0

	

15	 to	 -1970	 -6.1

	

10	 If
	 -7.7

5	 to 	 -9.8

	

0.05 "	 -6481	 -20.0

0	 it	 -8854	 -27.4 of

(ABOVE RESULTS DERIVED FROM 1000 SIMULATIONS)



REP/PC (Ver-14-.0) - MGMT REPORT 1 RANGE ESTIMATE : 02-06-96

DATA	 ExSitu Exten. Case 06
MODEL	 BASIC MODEL (SUMMATION)

NUM ELEMENT UNIT	 TARGET PROB+ IOW HIGH

1 Current Operations 8325 50 6660 9990
2 R&D Waste Ret. & Transfer 190.00 190.00 190.00
3 R&D Treatment 280 280 280
4 Capital Waste Ret. & Transfer 2280 50 1824 3876
5 Capital Treament 2610 50 2088 3915
6 Capital Closure 152.00 152.00 152.00
7 Operations Waste Ret. & Transfer 4630 50 3704 7871
8 Operations Treatment 23273 75 4654 23274
9 M& M 0 0 0

10 Repository Fee 69500 95 12900 69501

TOTAL EXPENSE (INPUT TO REP/PC) 111240 32452 119049
(THEORETICALS)

+ PROBABILITY THAT ACTUAL VALUE WILL BE EQUAL TO OR LESS THAN TARGET



REP/PC (Ver
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;.0) - MGMT REPORT 2 GRAPHICAL OVERRUN PROFILE 02-06-96
DATA : ExSitu Exten. Case 06
MODEL : BASIC MODEL (SUMMATION)

k

**----------------------------------------------- -TARGET
***
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OVERRUN PROBABILITY (PERCENT)



. . , . .	 ..._. :.0	 Lg 011/0 Is

>MT REPORT 3 GRAPHIC..A L• PRIORITY PROFILE : 02-06-96

: ExSitu Exten. Case 06
: BASIC MODEL ,(SUMMATION)

	

PROB OF	 NET EFFECT OF

	

OVERRUN	 FROZEN ELEMENTS

	

4 PCT	 0	 .0 PCT

UNIT	 CORRECT	 PROTECT

10 Repository Fee
8 Operations Treatment
7 Operations Waste Ret. & Transfer
1 Current Operations
4 Capital Waste Ret. & Transfer
5 Capital Treament
NET EFFECT OF FROZEN ELEMENTS

REP/PC (Ver" 74.0) - M

DATA
MODEL

TOTAL
EXPENSE

111240

NUM ELEMENT



REP/PC (Ver 4.0) - HG-KT REPORT 4 CONTINGENCY PROFILE	 02-06-96

DATA	 : ExSitu Exten. Case 06
MODEL : BASIC MODEL (SLMMATION)

TO BE THIS CONFIDENT OF ADD THIS CONTINGENCY
NOT HAVING COST OVERRUN ABSOLUTE RELATIVE

100 PCT 7809 7.0 PCT

99.95	 " 4241 3.8

95 " -443 -.4

90 " -2133 -1.9

85 " -3809 -3.4

80 " -5983 -5.4

75 " -7390 -6.6

70 " -9245 -8.3

65 ° -11539 -10.4

60 " -13489 -12.1

55 " -15771 -14.2

50 " -17923 -16.1

45 " -20529 -18.4

40 ° -24826 -22.3

35 " -27942 -25.1

30 " -31478 -28.3

25 " -35387 -31.8

20 " -41332 -37.2

15 " -46128 -41.5

10 " -50031 -45.0

5 " -55069 -49.5

0.05	 " -73391 -66.0

0 " -78788 -70.8

(ABOVE RESULTS DERIVED FROM 1000 SIMULATIONS)



+-J VLO

REP/PC (Ver .4.0) - MGMT REPORT 1 RANGE ESTIY-kTE : 02-06-96

DATA	 : EXSitu EXten.	 Case 07
MODEL : BASIC MODEL (SUMMATION)

NUM ELEMENT	 UNIT TARGET PROB= LOW HIGH

1 Current Operations 8325 50 6660 9990
2 R&D Waste Ret. & Transfer 190.00 190.00 190.00
3 R&D Treatment 280 280 280
4 Capital Waste Ret. & Transfer 2280 50 1824 3876
5 Capital Treament 2610 50 2088 3915
6 Capital Closure 152.00 152.00 152.00
7 Operations Waste Ret. & Transfer 4630 50 3704 7871
8 Operations Treatment 8182 75 3273 8183
9 M& M 0 0 0

10 Repository Fee 21500 95 7800 21501

TOITAL EXPENSE (INPUT TO REP/PC) 48149 25971 55958
(THEORETICA.LS)

+ PROBABILITY THAT ACTUAL VALUE WILL BE EQUAL TO OR LESS THAN TARGET



REP/PC (Ver-4-.0) - MGMT REPORT 2 GRAPHICAL OVERRUN PROFILE 02-06-96
DATA : ExSitu Exten. Case 07
MODEL : BASIC MODEL (SUMMATION)

60-

55-

*

50- **
**

----****----------------------------------------- TARGET

*****

	

45-	 *****
****

***
***

	

40-	 **k .
,t *

,t*

**

B

O
T

T

O	 30-
M	 a

L
I
N	 25-
E

20-

15-
X 1 , 00 0 	----^----^----I °--^----C----^----

.05 10	 20	 30	 40	 50	 60	 70	 80	 90 99.95
OVERRUN PROBABILITY (PERCENT)



M24T REPORT 3 C-_-RAPHICkL PRIORITY PROFILE : 02-06-96

ExSitu Exten. Case 07
MODEL : BASIC MODEL (SUMMATION)

	PROB OF	 NET EFFECT OF

	

OVERRUN	 FROZEN ELE2MEN-TS

	

12 PCT	 0 =	 .0 PCT

UNIT	 CORRECT	 PROTECT

10 Repository Fee
8 operations Treatment
7 Operations Waste Ret. & Transfer
1 Current Operations
4 Capital Waste Ret. & Transfer
5 Capital Treament
NET EFFECT OF FROZEN ELEMENTS

REF/PC (Vea-4.0) - v,

DATA
MOD

TOTAL
EXPENSE

48149

NUM ELEMENT

++++++++++++T

- T



.'a . Uli

REP/PC (Vey--4.0) - MG-NIT SORT 4 COh_INGEYCY PROFILE 	 02-06-96

DATA	 : BXSitU Exten. Case 07
MODEL : BASIC MODEL (SUMMATION)

TO BE THIS COM1TFIDENT OF ADD THIS CONTINGENCY
NOT HAVING COST OVERRUN ABSOLUTE RELATIVE

100 PCT 7809 16.2 PCT

99.95	 " 4317 9.0 it

95 of 1269 2.6 "

90 it 230 .5

85 it —466 —1.0

80 it —995 —2.1 "

75 " —1560 —3.2

70 it —2001 —4.2 If

65 " —2439 —5.1

60 " —2935 —6.1

55 ^ —3457 —7.2

50 ° —3988 —8.3 ^

45 ^ —4640 —9.6 ^

40 ^ —5415 —11.2

35 " —6266 —13.0

30 ^ —7342 —15.2 ^

25 " —8180 —17.0

20 ^ —9503 —19.7

15 ^ —10564 —21.9

10 ° —11768 —24.4

5 ^ -13012 -27.0 ^

0.05	 ^ -19153 -39.8

0 ^ -22178 -46.1

(ABOVE RESULTS DER-TVED FROM 1000 SIMULATIONS)



8600 50
190.00

1300
2280 50
5202 30

170.00
4820 50
5417 55

0
3400

6880 10320
190.00 190.00

1300 1300
1824 3876
4162 13005

170.00 170.00
3856 8194
4604 5418

0 0
3400 3400

REP/PC (Ver 4.0) - MG_^ST REPORT 1	 RANGE ESTIMATE : 02-06-96

DATA : ExSitu Exten. Case 08
MODEL : BASIC MODEL.(SUMMATT_ON)

NUM ELEMENT	 UNIT TARGET PROB+ LOW

1 Current Operations
2 R&D Waste Ret. & Transfer
3 R&D Treatment
4 Capital Waste Ret. & Transfer
5 Capital Treament
6 Capital Closure
7 Operations Waste Ret. & Transfer
8 Operations Treatment
9 M & M

10 Repository Fee

HIGH

TOTAL EXPENSE (INPUT TO REP/PC)	 31379	 26386 45873
(THEORETICALS)

+ PROBABILITY THAT ACTUAL VALUE WILL BE EQUAL TO OR LESS THAN TARGET



REP/PC (Ver 4.0) - MG__MT REPORT 2 GRAPHICAL OVERRUN PROFILE : 02-06-96
DATA	 ExSitu Exten. Case 09
MODEL BASIC MODEL.(SU.KMATION)

---- I ---- I ---- I ---- ► ---- I ---- I ---- I ---- I ---- I ----

1

44-'

B
0
T
T
0
M

L
I
N
E

42-1

40-

*

	

38-	 *.
*
*
**

	

36-	 *.
*#

*#
#*

	

34-	 **
#*#

##
###

	32-	 ###

-------------------------------------- #*#--------
###

##

#
*

-TARGET

26-1

24-
X 1,000	 --------------------I--------^----^----^----

.05 10	 20	 30	 40	 50	 60	 70	 80	 90 99.95
OVERRUN PROBAB ILITY (PERCENT)



CORRECT	 PROTECT

REP/PC (Ver-x .0) - M

DATA
MODEL

TOTAL
EXPENSE

31379

;XT REPORT 3 GRAPHICAL PRIORITY PROFILE : 02-06-96

. ExSitu Exten. Case 08
: BASIC MODEL (SUFAATION)

	

PROB OF	 NET EFFECT OF

	

OVERRUN	 FROZEN ELEMENTS

	

77 PCT	 0 =	 .0 PCT

NUM ELEMENT	 UNIT

5 Capital Treament
7 Operations Waste Ret. & Transfer
1 Current Operations
4 Capital Waste Ret. & Transfer
s Operations Treatment
NST EFFECT OF FROZEN ELEMENTS



RE-D/PC (VeT-A.0) - MG-M-7 R?O.RT 4 CO-NTING?.NCY PROFILE 	 02-06-95

DATA	 : ExSitu Exten. Case 08
MODEL : BASIC MOD=_. (SU.MMATION)

TO BE THIS CONFIDENT Or ADD THIS CONTINGENCY
NOT RAVING COST OVERRUN ABSOLUTE RELATIVE

100	 PCT 14494 46.2 PCT

99.95	 " 12109 38.6	 ^

95	 is 7497 23.9	 ^

90	 if 6282 20.0	 If

85	 " 5365 17.1

80	 " 4615 14.7

75	 ^ 3930 12.5

70	 to 3464 11.0

65	 " 3018 9.6

60	 " 2545 8.1	 "

55	 " 2144 6.8

50	 ^ 1739 5.5

45	 ° 1391 4.4
40	 " 1061 3.4

35	 " 755 2.4

30	 ^ 477 1.5

25	 " 146 .5	 "

20	 if —185 —.6	 it

15	 it —497 —1.6	 "

10	 ^ —814 —2.6	 "

5	 " —1399 —4.5	 "

0.05	 It —3651 —12.3	 "

0	 it —4993 —15.9

(ABOVE RESULTS DERIVED FROM 1000 SIMULATIONS)



REP/PC (Ver 4.0) - MGMT REPORT 1 RANGE EST!bLkTB : 02-06-96

DATA	 : ExSitu Exten. Sepa.r. Case 09
MODEL : 3ASIC MODEL (SUM-RA^ION)

NUM ELEMENT	 UNIT TARGET PROB= LOW HIGH

1 Current Operations 8600 50 6880 10320
2 R&D Waste Ret. & Transfer 186.00 186.00 186.00
3 R&D Treatment 670 670 670
4 Capital Waste Ret. & Transfer 1388 50 1110 2360
5 Capital Treament 2189 40 1751 4378
6 Capital Closure 137.00 137.00 137.00
7 Operations Waste Ret. & Transfer 3166 50 2533 5382
8 Operations Treatment 2672 65 2004 2673
9 M& M 0 0 0

10 Repository Fee 5000 95 3750 5001

TOTAL EXPENSE (INPUT TO REP/PC) . 24008 19021 31107
(THEORETICALS)

+ PROBABILITY THAT ACTUAL VALUE WILL BE EQUAL TO OR LESS THAN TARGET



, .v 0•U:J

REP/PC (Ver--9.0) - MG:P REPORT 2 GRAPHICAL OVERRUN PROFILE : 02-06-96
DATA : ExSitu Exten. Sepa.r. Case 09
MODEL : BASIC MODEL (SUMMATION)

29-

2a -1

27-

26-

25-

24-

23-
B
O
T
T
0	 22-I
M

*
*

*

*,t
**

***

***
--------------------------*,t**------------------- -TARGET

***

*

L
I
N	 21-
E

Kuo=

19-1X 1,000	 ---- i ---- i ---- ---- ---- i ---- i ---- i ---- i ---- j ----
.05 10	 20	 30	 40	 50	 60	 70	 80	 90 99.95

OVERRUN PROBABILITY (PERCENT)



zWTL REPORT 3 G_RAPHICP.L PRIORITY PROFILE : 02-06-96

: ExSitu Exten. Sena.r. Case 09
: BASIC MODEL (SUMMATION)

	

PROB OF	 NET EFFECT OF

	

OVERRUN	 FROZEN ELEMENTS

	

557 PCT	 0 =	 .0 PCT

UNIT	 CORRECT	 PROTECT

1 Current Operations
5 Capital Treament
7 Operations Waste Ret. & Transfer
10 Repository Fee
4 Capital Waste Ret. & Transfer
8 Qperations Treatment
NET EFFECT OF FROZEN ELEMENT$

REP/PC (Ver-4.0) - M

DATA
MODEL,

TOTAL
EXPENSE

24008

NUM ELT

++++



REP/PC (Ver--4.0) — MGMT ?cEPORT 4 CONTINGENCY PROFILE	 02-06-96

DATA	 : ExSitu Exten. Sepa.r. Case 09
MODEL : BASIC MODEL (SL'DLMATION)

TO BE THIS CONFIDENT OF ADD THIS CONTINGENCY
NOT :DIVING COST OVERRUN ABSOLUTE RELATIVE

100 PCT 7099 29.6 PCT

99.95	 " 4167 17.4

95 " 2480 10.3

90 " 1908 8.0

85 " 1582 6.6

80 " 1335 5.6 of

75 it
	 1 1100 4.6

70 !' 879 3.7 to

65 " 687 2.9 "

60 " 522 2.2 of

55 to 346 1

50 if 176 .7 it

45 it 43 .2 it

40 " —91 —.4

35 of -249 -1.0 is

30 to -429 -1.8 It

25 it —613 —2.5 "

20 It —3.4

15 " —1025 —4.3 "

10 't —1268 —5.3 It

5 't —1755 —7.3

0.05	 " —3831 —16.0 of

0 if —4987 —20.8

(ABOVE RESULTS DERIVED FROM 1000 SIMULATIONS)
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REP/PC (Ver 4.0) - MGMT REPORT 1 RANGE ESTIMATE : 02-12-96

DATA	 : ExSitu Exten. Sena.r. Case 10
MODEL : BASIC MODEL (SUMMATION)

N-UM ELEMENT UNIT	 TARGET PROB+ LOW HIGH

1 Current Operations 8600 So 6880 10320
2 R&D Waste Ret. & Transfer 190.00 190.00 190.00
3 R&D Treatment 0 0 0
4 Capital Waste Ret. & Transfer 2280 50 1824 3876
5 Capital Treament 4305 40 4244 8610
6 Capital Closure 211.00 211.00 211.00
7 Operations Waste Ret. & Transfer 3990 50 3192 6783
8 Operations Treatment 6877 50 5158 6878
9 M& M 0 0 0

10 Repository Fee 6500 95 3900 6501

TOTkL EXPENSE (INPUT TO REP/PC) 32953. 25599 43369
(THEORETICALS)

+ PROBABILITY THAT ACTUAL VALUE WILL BE EQUAL TO OR LESS THAN TARGET



.p..V'. , V'JO

REP/PC (Ver 4.0) - MGMT REPORT 2 GRAPHICAL OVERRUN PROFILE 02-12-96
DATA : ExSitu Exten. Sepa.r. Case 10
MODEL : BASIC MODEL (SUMMATION)

42-

40-

38-

•	 36-

34-

32-

30-
3
0
T
T
O 28-i
M

L
I
N 26-
E

24-

*

**
***

--------------------------**ia**------------------ -TARGET
****

*

w,

22-1X 1,000	 ---- ( ---- ( ---- (----i ---- I ---- i ---- i ---- I ---- i ----
.05 10	 20	 30	 40	 50	 60	 70	 80	 90 99.95

OVERRUN PROBABILITY (PERCENT)



REP/PC (Ver 4.0) - M

DATA

MODEL

TOTAL
EXPENSE

32953

NUM ELEbMW

5 Capital Treamen
10 Repository Fee
7 operations Wast
1 Current Operati
4 Capital Waste R
8 Operations Trea
NET' EFFECT OF F.

GMT REPORT 3 GRAPHICAL PRIORITY PROFILE : 02-12-96

: ExSitu Exten. Sepa.r. Case 10
: BASIC MODEL (SUMMATION)

	

PROS OF	 NET EFFECT OF

	

OVERRUN	 FROZEN ELEMENTS

	

55 PCT	 0	 .0 PCT

UNIT	 CORRECT	 PROTECT

++++t+-Hi t ++
Ret. Sc Transfer	 ------- ++

t. & Transfer	 ---- +
rent	 t+++
;OZEN ELEMENTS

r



REP/PC (Ver 4.0) - MGIfii REPORT 4 CONTINGENCY PROFILE	 02-12-96

DATA EXSitu EXten. Sepa.r. Case 10
MODEL BASIC MODEL (SUMMATION)

TO BE THIS CONFIDENT OF ADD THIS CONTINGENCY
NOT HAVING COST OVERRUN ABSOLUTE RELATIVE

100 PCT 10416 31.6 PCT

99.95	 " 6159 18.7

95 11 10.9

90 It 8.4

85 " 2385 7.2 r'

•	 80 " 1960 6.0 r'

75 " 1599 4.9

70 " 1282 3.9

65 " 935 2.8

60 " 709 2.2

55 " 422 1.3

50 " 223 .7 it

45 is 2 .0

40 " —257 —.8 if

35 " -452 -1.4 49

30 " -682 -2.1 of

25 to -936 -2.8 of

20 11 -3.6 of

15 If —4.6

10 of —1968 —6.0

5 it —2727 —8.3 if

0.05	 It -5765 -17.5

0 to -7354 -22.3 "

(ABOVE RESULTS DERIVED FROM 1000 SIMULATIONS)
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Assumptions

1. HLW glass for any of the ex situ alternatives involving separations is calculated at
20 wt % waste oxides. The waste oxides exclude silica and sodium.
2. The HLW for the No Separations case is calculated at 20 wt % sodium oxide.
Note: EA glass limits are 17 % Na2O and 4.3 % Li2O and each Li2O is equivalent to 2
Na2O so the EA glass is equivalent to 25 % Na2O without any Li2O. The privatization RFP
states that the HLW glass will be 25 wt % waste oxides not counting the Na2O or SiO2.
3. The LAW glass composition is calculated at 15 wt % Na2O.
4. The canister size for all HLW is set at 0.62 m^3 ( 1X canister)
5. The material balances contained in the WHC data packages were used to calculate
the waste oxides for the HLW and LAW streams.
6. Sensitivity analysis wi

ll
 be done for the Intermediate Separations alternative at 15 wt

and 40 wt % waste oxide loading.
7. The material balance for the Intermediate Separations case was used for the Phased
Implementation alternative and was modified to account for additional radionuclide
separations.
8. For purposes of interim onsite storage and transpo rtation to the repository 4 of the lx
cans are assumed to be placed into an HMPC or similar packaging and would be
repackaged at the repository .

Page 1
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HLW conc data for RadTran	 Jacobs Engineering Group

No Separations WHC data package values

Vitrification
Radionuclide Inventory No Separations

HLW Glass (WHC data pkg)
Total Curies

Am-241 1.04E+05
Am-243 3.32E+01
Cm-244 1.18E+02
Cs-137 3.49E+07
Ni-63 2.69E+05
Np-237 6.97E+01
Pu-238 1.08E+03
Pu-239 2.64E+04
Pu-240 6.70E+03
Pu-241 7.49E+04
Ru-106 3.79E-02
Sm-151 6.30E+05
Sn-126 6.27E+02
Sr-90 4.36E+07
Tc-99 3.21E+04
U-233 1.21E-02
U-234 2.12E-01
U-235 2.06E+01
U-238 4.81E+02
Zr-93 3.94E+03
Total (m3) 1.36E+05

Note: Curies from decay daughter products not included

1/27/96
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HLW conc data for RadTran	 Jacobs Engineering Group

No Separations Alternative New Base Case (1/26/96)
20 wt% sodium oxide loading, 1.5 blending factor

Vitrification Calcination
Radionuclide Radionuclide
Concentration Concentration
Curies /m"3 Curies /m"3

Am-241 2.86E-01 1.55E+00
Am-243 9.12E-05 4.94E-04
Cm-244 3.24E-04 1.76E-03
Cs-137 9.58E+01 5.19E+02
Ni-63 7.39E-01 4.00E+00
Np-237 1.91E-04 1.04E-03
Pu-238 2.97E-03 1.61E-02
Pu-239 7.25E-02 3.93E-01
Pu-240 1.84E-02 9.97E-02
Pu-241 2.06E-01 1.11E+00
Ru-106 1.04E-07 5.64E-07
Sm-151 1.73E+00 9.38E+00
Sn-126 1.72E-03 9.33E-03
Sr-90 1.20E+02 6.49E+02
Tc-99 8.81E-02 4.78E-01
U-233 3.32E-08 1,80E-07
U-234 5.82E-07 3.15E-06
U-235 5.66E-05 3.07E-04
U-238 1.32E-03 7.16E-03
Zr-93 1.08E-02 5.86E-02
Total (m3) 3.64E+05 6.72E+04

Number of 0.62 m'3 canisters 5.87E+05 -WE. jr.!--
Number of 0.62 m"3 canisters per HMPC 4 4
Number of trips to the repository 14690 Q SJ -47M
Based on 10 HMPCs per train and rounded to nearest 10 trips

Note: Curies from decay daughter products not included

1/27/96
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HLW conc data for RadTran 	Jacobs Engineering Group
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HLW conc data for RadTran	 Jacobs Engineering Group

Intermediate Separations New Base Case (1/26/96)
20 wt% waste oxide loading, 1.5 blending_ factor

Sensitivity @ Sensitivity@
Base Case 15 wt% loading 40 wt% loading

Radionuclide Inventory HLW HLW HLW
glass glass glass
Ci/m"3 Ci/m"3 Ci/m"3

Am-241 4.54E+00 3.41E+00 9.08E+00
Am-243 1.45E-03 1.09E-03 2.91E-03
C-14 0.00E+00 0.00E+00 0.00E+00
Cm-244 2.68E-03 2.01E-03 5.36E-03
C6-135 6.81E-03 5.11E-03 1.36E-02
Cs-137 1.68E+03 1.26E+03 3.36E+03
1429 0.00E+00 0.00E+00 0.00E+00
Ni-63 1.27E+01 9.54E+00 2.54E+01
Np-237 3.00E-03 2.25E-03 5.99E-03
Pu-238 5.00E-02 3.75E-02 9.99E-02
Pu-239 1.18E+00 8.86E-01 2.36E+00
Pu-240 3.04E-01 2.28E-01 6.09E-01
Pu-241 3.54E+00 2.66E+00 7.08E+00
Ra-226 0.00E+00 0.00E+00 0.00E+00
Ru-106 1.73E-06 1.29E-06 3.45E-06
Sm-151 3.00E +0l 2.25E+01 5.99E+01
Sn-126 2.27E-02 1.70E-02 4.54E-02
Sr-90 2.54E+03 1.91E+03 5.09E+03
Tc-99 2.86E-01 2.15E-01 5.72E-01
Th-230 1.86E-09 1.40E-09 3.72E-09
U-233 5.45E-07 4.09E-07 1.09E-06
U-234 9.54E-06 7.15E-06 1.91E-05
U-235 9.54E-04 7.15E-04 1.91E-03
U-238 2.18E-02 1.63E-02 4.36E-02
Zr-93 1.86E-01 1.40E-01 3.72E-01
Total (m3) 2.07E+04 2.76E+04 1.03E+04

Number of 0.62 m^3 canisters 3.34E+04 4.45E+04 1.67E+04
Number of 0.62 m"3 can/HMPC 4 4 4
Number of HMPCs	 F 8347 11129 4173
Number of trips to the reposito ry 8401 1110 420
Based on 10 HMPCs per train and rounded to nearest 10 trips
Note: Curies from decay daughter products not included

1/27/96
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HLW conc data for RadTran	 Jacobs Engineering Group

Extensive Separations Data Package values
Note: data package values modified by ECN to Rev 0 data package
Radionuclide Inventory jHLW Glass	 I LLW Glass

Base Case (A-1) Base Case (A-IA)
Ci/m3 Ci/m3

Am-241 2.09E+02 7.34E-04
Am-243 6.69E-02 2.35E-07
C-14 O.o0E+00 0.00E+00
Cm-244 2.30E-01 4.56E-06
Cs-135 2.91E-01 9.16E-07
Cs-137 7.02E+04 2.21E-01
I-129 O.00E+00 0.00E+00
Ni-63 8.47E+00 1.83E+00
Np-237 1.40E-01 1.87E-05
Pu-238 2.15E+00 7.80E-05
Pu-239 5.25E+01 1.90E-03
Pu-240 1.33E+01 4.84E-04
Pu-241 1.49E+02 5.41E-03
Ra-226 5.40E-10 7.20E-16
Ru-106 7.58E-05 1.01E-10
Sm-151 1.68E-03
Sn-126 1.25 1.67E-06
Sr-90 1.07E+05 3.72E-02
Tc-99 6.43E+01 1.06E-03
Th-230 7.80E-08 1.04E-13
U-233 3.68E-08 5.19E-11
U-234. 6.76E-07 9.10E-10
U-235 6.57E-05 8.84E-08
U-238 1.53E-03 2.06E-06
Zr-93 9.59E-02 2.68E-02
total m3 496 1.47E+05

solid

Note: Curies from decay daughter products not included
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HLW conc data for RadTran 	Jacobs Engineering Group

Extensive Separations alternative New Base Case (1/26/96)
20 wt% waste oxide loading, 1.5 blending factor

Extensive Separations Data Package values

Radionuclide Inventory HLW Glass
Base Case (A-1)
Ci/m3

Am-241 1.06E+02
Am-243 3.41E-02.
C-14 0.00E+00
Cm-244 1.17E-01
Cs-135 1.48E-01
Cs-137 3.58E+04
I-129 0.00E+00
Ni-63 4.31E+00
Np-237 7.13E-02
Pu-238 1.09E+00
Pu-239 2.67E+01
Pu-240 6.77E+00
Pu-241 7.59E+01
Ra-226 2.75E-10
Ru-106 3.86E-05
Sm-151 0.00E+00
Sn-126 6.37E-01
Sr-90 5.45E+04

Tc-99 3.27E+01
Th-230 3.97E-08
U-233 1.87E-08
U-234 3.44E-07
U-235 3.35E-05
U-238 7.79E-04
Zr-93 4.88E-02
total m3 9.74E+02

Number of 0.62 m"3 canisters 1.57E+03
Number of 0.62 m"3 can/HMPC 4
Number of HMPCs 

1
393

Number of trips to the reposito ry 40
Based on 10 HMPCs per train and rounded to nearest 10 trips
Note: Curies from decay daughter products not included

1/27/96
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HLW cons data for RadTran	 Jacobs Engineering Group

1 1 1

Phased Implementation alternative New Base Case (1/26/96)
20 wt % waste oxide loading, 1.5 blending factor

Base Case
Radionuclide Inventory HLW

glass
Ci/m"3

Am-241 5.01E+00
Am-243 1.60E-03
C-14 0.00E+00
Cm-244 2.68E-03
Cs-135 6.81E-03
Cs-137 1.68E+03
I-129 0.00E+00
Ni-63 1.27E+01
Np-237 3.00E-03
Pu-238 5.15E-02
Pu-239 1.26E+00
Pu-240 3.19E-01
Pu-241	 j 3.57E+00
Ra-226 0.00E+00
Ru-106 1.73E-06
Sm-151 3.00E+01
Sn-126 2.27E-02
Sr-90 2.56E+03
Tc-99 1.54E+00
Th-230 1.86E-09
U-233 5.45E-07
U-234 . 9.54E-06
U-235 9.54E-04
U-238 2.18E-02
Zr-93 1.86E-01
Total (m3) 2.07E+04

Number of 0.62 m"3 canisters 3.34E+04
Number of 0.62 m^3 can/HMPC 4
Number of HMPCs 

1
8347

Number of trips to the reposito ry 840
Based on 10 HMPCs per train an d rounded to nearest 10 trips
Note: Curies from decay daughter products not included

1/27/96	 WSTLOADALS HLW conc data for RadTran
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HLW conc data for RadTran	 Jacobs Engineering Group

I
Ex Situ / In Situ Combination Alternative New Base Case (1/26/96)

20 wt% waste oxide loading, 1.5 blending factor

Radionuclide Inventory HLW glass Sel Ret. Recovery
fraction

Ci/m"3
Am-241 6.97E+00 7.67E-01
Am-243 2.67E-03 9.20E-01
C-14 0.00E+00 9.00E-01
Cm-244 5.04E-03 9.40E-01
Cs-135 1.16E-02 8.50E-01
Cs-137 2.96E+03 8.80E-01
I-129 0.00E+00 9.00E-01
Ni-63 2.03E+01 8.00E-01
Np-237 5.58E-03 9.32E-01
Pu-238 3.97E-02 3.97E-01
Pu-239 1.48E+00 6.27E-01
Pu-240 3.69E-01 6.07E-01
Pu-241 4.01E+00 5.65E-01
Ra-226 0.00E+00 8.30E-01
Ru-106 1.28E-06 3.70E-01
Sm-151 4.32E+01 7.20E-01
Sn-126 3.32E-02 7.30E-01
Sr-90 3.56E+03 7.00E-01
Tc-99 5.15E-01 9.00E-01
Th-230 3.05E-09 8.20E-01
U-233 8.72E-07 8.00E-01
U-234 1.54E05 8.10E-01
U-235 1.74E-03 9.10E-01
U-238 3.92E-02 9.00E-01
Zr-93 2.49E-01 6.70E-01
Total (m3) 1.03E+04

Number of 0.62 m"3 canisters 1.67E+04
Number of 0.62 m^3 can/HMPC 4
Number of HMPCs 

1
4174

Number of trips to the repositoryl 1
420

Based on 10 HMPCs per train and rounded to nearest 10 trips
Note the combination alt. retrieval fraction is calculated from the % of SST and DST inventory

recovered as follows: recove ry fraction = (curies recovered from SSTs + Curies from DSTs)
divided by (total curies in the SSTs+total curies in DSTs)
The combination alternative volume of HLW glass is 1/2 of the Intermediate Separations

Note: Curies from decay daughter products not included

1/27/96	 WSTLOADALS HLW cone data for RadTran
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Table 7-15. Comparison of Alternatives by Decommisstor n.- of Con ttmiin
Tr-anent FacLdcs and-Equipneni (Nfe=ic Tons).'

< - »w	 a^a x n	 s w
ow m	

^s.	 .

^'.z-w-n 1IA a	 .1 T•tiQ
•ntn^.. ?Z̀ .	 ..^u'	 .-.e^.

.^oSiht .^. ':^^.^•'Y-R	 ^ ^ ^)^
^^...wreraw. .°A2 .'C'`Ni'i..i^"^aY'O.ak"....m^vw^i.:Crro^"`,.^

St.:.1
Quantity `	 2.6 Eo 1.6 E3 I	 2.6 E5

Concrete
Quantity. I	 -1.20 _ I	 3.2 E5

Soil
Quantity 8.8 F-5 — "8.8 F-5

Disposition low-level waste low-level waste low-level waste
burial -rounds burial grounds burial grounds

Notes:	 -

'All Tank Fam Coaftnement Facilities (rr-CF) and evcryrh: g contained tinder the
TFCFs are assumed to be contaminated.

'TFCF = 2.6 ES metric tots steel
l	 = 3.2 E5 metric tons concrete

8.8 E5 metric tons soil

Mixing Equipment 7:3 E2 metric tons steel

'AssL=--s 20 pc=--t of drying systems become contaminated:
1.6 E3 metric tons steel

-rFCF = 2.6 E5 metric tors steel
= 3.2 FS metric tons concrete
= 8.8 FS me:rie roar soil

Assumes 90 pe-cat of in situ vitrification equipment becomes eont2.=inar.:
= 8.2 M'metric tons s.e--1	 -
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Table 7-10'. Comnoanson of AItcrl22=vcs by Aroccss Modu l t: O'cZl Cost
(RSiLions of 1994 DoBars).

Notes: (Cohd=4

'Drying and gravel fill

242-A
Operating cost = S130 million
Capital cost — SO

Radio Freauencv Drvine
Operating cost = S180 mullion

•	 Capital cast = SI21 trillion
Research and development = S 10 million

Gravel Fill
Operating cost =	 S150 million
Capital cost =	 S 25 trillion

31n Situ Vitrification

242-A
Operating eo= _	 -•SI30 million
Capital cost =	 SO

Vitrifieuion (ipclpdes Ti=Cr7
-Opeating cost a	52,400 million
Capital cost 	 S4,700 trillion
Research and development =	 .S, 67• million

Se_ Tabk 7-18 for Capital Costs and Table 7-19 for Operating Costs.

'Due to rounding, totals do not equal sum of numbers in coluC m.
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Table 7-18. Comparison DI AllEernativts by CcpI` Cost Com:pOne.^.t

(M- LI Tions  of 1994 Dollars).

^^

'A :?•><	 £F.ai: ?ti^`^`t„ .;rx,,; .t^ :•^:,

.a^z^*•4: eosr,^^

'».` ^aa:^,^rs,:,rA.ze

yYr:in! :,:c,.	
. ia<ti ^^..<

^^ r ;Cr.-r z 5^,xD

..c,+7.^.:=.̂^i,^w^.d'^^..TFz-

x;:°	 ,-^.:',av^K:;s4:y ^^:.•^ sex
.u^,a^^ C	 x

#a^'a-2^^"^'^.,aS^a^	 ^^."'.:•rrf^lt"
^e^,`^ u- aa^e.3€.`",^5.^.: ``.• .

;"?_::,^	 • `a"s'{;•r^ti^	 ° MS'' ,̂^:^'^=
Q^C.i,+at

S •K^c..,.xw.¢,^^'x -Frw^e

Labor I	 2,600 I	 5 2,800

Matenals/StroDl es I	 1,400 I	 11 1,500

EouiDment I	 20	 I 110	 + 50

Local Purchases	 I 260 , 21	 I 280

Total 4,300 150	 I 4,700

Notes :

'Tables MS (Stabilization by Grout Capital Cost) and F7-7 (T ask Far= Confiner=eat
Capital Cost) of the Tank Warne Teci nical Opriars Repot. (Boo=cr et gl. 1995) we -- used

as a basis.

242-A Evaporator
Capital cos'. = 0

Tank Farm Confinement Facility
Labor = S2,600 million
MIS — Sr,700 million

Equipment — SO
(Local pt=hases = 0.15(M/S _ Equipment))
Total = S4,300 million

Grout mizin-
Labor	 - S 5.6 million
MIS	 = 513 million
Equipment	 — S21.5 million
(Local pu.—hases = 0.15 (MIS t _Equi z^mcnt))
Total	 — S40 . illioa

=SD-WM- LI-111 Rev 1 (I iglcy 1985), was used as a basis for one radio raucnry drying
cyst--m. Forty-five syste= at-- used. Table 155-5 (Stabilization by Grave

l Capital Cost
Es asate) of the Tank Waste Technical Opriors Reporr was used as a bar's for the Gravel

•	 74-7-A B xp,;=tpf :-.	 •• •••	 '

_ Capital cost.	 = 0

7-31
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Table 7-19. Comparison of Alternatives by Operating Cost Component
(Millions of 1994 Dollars). (5 sheets)

-	 '^^^r%r=v'r-,a`•.-"^`.
\^. N.	 ^2ea^^.'? •t^ 'CS	 .cos

F=.c^.^
^^'^.,•Ls 'Slit2..

^}^. r^-r..	 1 jam,..<:: -...;	 may.-3	 ^ti<.
L T^ 0, ^ti. L Gael-	 •-.". liT Slt.'.("s ^'.

a QOr+ -a1D a ^oSt '^na.'rY'=^^"if .-.

^^^

,+^:^.3bL1ZZt:'LSSI ._ s -	 +.c`1aiG1.0.'L^,. ,^^^.11	 -hKY	 .... C	 , i-` ., .-r.+e1!r^'<..' ,	 ...	 ..w. x.a ... ...	 ^...^wli^:...ti"^ ^.f^ t..'f+r.-.^.+^-^Y!•6

Labor 300 200	 500

MatcriaWSupplies 10 28	 I	 100

Equipment 110 33	 24

Local purchases 20 10	 22

Startup 370 92	 250

Decontamination and 1 ,600 110	 1,600
decommissioning

Total' 2,400 470	 1	 2,500

Notes:

tin situ chemical stabili zation
242-A Evnoorator - 5-year opera ting life
Total operating cost - 5127 million
Annual operating cost - S15 million

Following numbers based on previous operation of 242-A Evapo ra tor.
Labor - 59 Exempt x 230,000 per year - 39 million per year x 5 years - $40 million
60 Nonexempt s 50,004 per year - 33 mullion per year x 5 ye — S15 milliou
Matcri&WSupplics - 21 million per year z 5 years - S 5 million
Equipment (Upgrade cost - 413 million) - $3 million per year x 5 years = S 1 million
(I oal purchases - 15% of (MaterixWSupplia +. Equipment))
ToW - S15 millioa per yet - S75 million
Startup - 2 ycara operating cost

2 (SIS million)
= 530 million

Decontamination and decommissioning 2 years operating labor + 0.3 (apitsl cost)
2 (SI l million) + 03(0)	 '

- 422 million

Tank  Farm Confinement Facility rT FCF) !Groat) - 2-yur operating life
Total operating cost - =00 million
Annual operating cost - 5153 millioa
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Table 7-19. Conrsison of AIL-matives by Operating Cost Component
(Millions of 1994 D0112n). (5 sil=ts)'

Notes: (Continued)

drying and Gravel Fi
ll

242-A Evaporator – 5-year operating life ^e
Total operating cost – 1_1 77 million ^— ^c
Annual , operating cad – $15 million

Following numbers basod on previous operation of 242-A Evaporator:
Labor	 – 59 exempt x 130,000 per year – SS million per year x 5 yr = $40 million

60 nonexempt x 50,000 p er year – $3 million per year x 5 yr – $15 million
Materials/Supplies – Sl million per year x 5 yr – S 5 million
Equipment (Upgrade cost – S13 million) – S3 million per year x 5 yr – $15 million
(Loral purchases – 15% of Naterials/Supplies + Equipment))
Total – $15 million per year – $75 million

Startup – 2 year: operating cost
– 2 (515 million)
– S30 million .. .

Decontamination and decommissioning – 2 yearn operating labor + 0.3(eapital cost)
– 2 ($11 million) + 0.3(0)
– $22 mullion

Radio Frequency Drvine – 9-year operating life
Total operating cost – $183 million
Annual operating cost – S12 million

Labor 13 Exemmt x 130,000 per y ear – SI.7 minion per year x 9 yr = $15 million
3 Nonexempt x 50,000 per year - 50.2 million per year x 9 yr = S 2 million
77 Bargaining units x 90,000 per year – $6.9 mill ion per year x 9 yr = S62 million

Total Labor – S9 miliioa per year – S80 million

MntcriaWSupplies
Electricity – LIES kwh x $0.025/kwh – 52.8 million per year x 9 yr – 525 mullion
Water (includes potable water for all drying and gravel fill staff)

– 1.1 E6 mr x S3/cot' – $370,000 per year x 9yr – S 3 million
Equipment – 0
{Local purchases – 15% of (Materials/Supplies + Equipment)}

.._ _ .. =-%::..	 .. -_ Total– S32 miliiaa– 5108 mullion	 •
Startup – 2(S12 million) – S24 mullion
Decontamination and do=om at;ssioning – 2( $9 million) + 0.3(5121 mullion) – S54 million

Gravel Fill – 4-y ear operating life
Total operating cost – 5147 million
Annual operating cos; – 519 mrlIroa	 _
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Table 7-19. Com parison of Alternatives by Qrx,<tino Cost Component
(Millions of 1994 Dollars). (5 sheets)

Notes: (Cootiaued)

Following numbers based on Tables M9-5 and M9-6 of the Tani: W=.,e Techr-i=1 t7prior-i Fcpor.
Labor 292 exempt x 130,000/year — $38 million per year x 5 yr — 5190 million

131 nonexempt x 50,000/year S 7 million per year x 5 yr — S 35 million
437 Bargaining units x 90,000/year — $39 million per year x 5 yr — 5195 million

Labor Total — $84 million per year — $420 uu7Iioa

Materials/Supplics
Water (mdudes potable water for all in situ vitrification duff)

— 1.2 E6 mt x S3/m? — $3.6 miIliou
Electricity — 4.4 E9 kwh x 20.025/kwh — SI10 million
Limestone — 1.1 E/ kg x S0.09/kg — S990,000
Propane — 1.1 E7 kg x S0.02/kg — 2220,000
Ammonia — 6.8 FS kg x S0.38/itg — S260,000
M/S TOW — S-3 million per year x Syr — $115 million
Equipment — $2.4 million (1993) x 1.05 — S2.5 million per year x Syr •- S 12.5 million
TOW — SI10 million per year — 5545 million

Startup — 2(Si 10 million) — S220 million
Decontunvmtion and decommissioning — 2($84 million) + 0.3($4650 million) — $1563 million

Coats utsocisted with routine tank farm operations, TWRS program management, characterization,
tank farm upgrades, single shelf tank salt well pumping.-and tank farm safely issue resolution are not
included in these totals.

'Due to rounding, totals do not equal sum of numbers in coluams.

Boomer, K. D., S. K. Baker, A. L. Boldt, J. D. Galbraith, J. S. Garfield, C. E. Golberg,
B. A. Higley, L J. Johnson, M. J. Kupfer, R. M. Manssich, R. J. Paruin, A. N. Praga,
G. W. Reddick, E. J. Slaathaug, I— M. Swanson, T. L Waldo, C. E. Worcester, 1993, Tank Waste
Teoraleal Options Report, WHC-EP-0616, Westinghouse Hanford Company, Richland, Washington.
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?able 7-21. Comparison OI A1teila^ves by Qver2 1 1 Schedule
(Calendar Yezur S^rdComplerdon Date).

s
i
1

^Q^.cn^ P.^
'^(t•W..suv

^ ^ ^ CM`Y^hy
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w d`W.`^@,

'^'w 	Y.^'
^,^`^nSwu+,^K ^f.T1

Skew:
Conssucdon t I	 1998-2013 I	 2003-2005 I	 1998-2016

Omzdon2 2005-2013 I	 2005-2018 I	 2005-2016

Monitoring and 2024-2124 2024-2124 !	 2:0:24-212
maintenancemaintenanc

4

Decontamination and 2010-2013 2018-2021 2013-2016
decommissioning`

I

Rese=sch and n/a 2000-2002 1995-2002
developments

I

Notes :

'The construction periods for is situ chemical stabilization and in situ Nitrification (ISV)
continue throughout operations due to cocs:mction of the T2-,k Farm Confinctpent

acilities. The in situ drying option rquires gravel excavation and coms ruction of the
gravel distributor.

'Ihe operating periods shown he- include an additional 3 y ears for sta:up.

'Monitoring and naiateaaace takes place after closure (plaecmeat of barriers) for a period
of 100 years. Monitoring and r"ainteaasce upon completion of in situ disposal is discussed
in the C!osare Teci ricer! Data Package for the Tank Wrsre Rerredieior. System
%nvirormer-•al ImPacr Steterrert (SC=lCM et al. 1995).

'It is assumed twat decontamination and decomtaissioning will take 3 y ears to complet-- for
all in situ altetnntivrs; and is considered the 'shutdown period - taeationed in Table 7-25 .

'Radio frequency drying will require two yeas of research and develorn ect, based on
sagincring judg-eat. The IS V alt stive will -quit-- scvco years resat and
devclom =t as shown in ?VL-7499 (Koeglcr 1990).

Kocglcr, S. L, 1990, Undergrourd Terk Ytriificnrion Project Plan, ?NL-7499, ?aci fic Northwest
Laboratory, Richland, Washington.

Scanlon, P. L, H. Hamt, W. A. Skelly, I995, Closure Tcchr!cc! Dcra Package for the Tcrk
WC-re Rcrrted!crion System, Draft, W-stipgaotsse Hanford Company, Ric land,
WaSnmgton.
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8.1 Di SITU tiTr=CATIO.N

Tne foflowmg tables from the Tank Wawa Technical Ooriors ?ffDort (Boom-.er et al. 1993)
were used as a basis for the in situ vitz-ificadort option:

Tank Farm Confinement FaciIiry
Table F7-7 Capital Cost Estimate

The Tank Farm Confinement Facility CITCF) has been sized according to five
different tank farm configurations (2x2, 2x3, 3(4)x4, 3x5, 4x5). Tne 18 tank
farms will require:
4 (2x2); 3 (2x3); 9 (3x4); 1 (3x5); 1 (4x5)

Vitrification
Table M9 Capital Cost Estimate
Table M9-5 Operating Expense Summary
Table M9-6 Staffing
Table M94 was modified to include 4 ISV systems and sand excavation costs.

A percent distribution of ISV operating staff hours over the operating life (including startup
and decontamination and decommissioning) is shown in Figure 8-1.

Sand would be excavated onsitc to avoid frit purchasing and shipping costs. Existin g Pit 30,
located between 200 Fast and 200 West Areas, would be used to excavate 540,000 m' of
sand required for filling the tank void mars. This estimate was t2kcn from the in situ
chemical stabilization (ISCS) option. It assumes that excavating and crushin.- equipment will
already be in place from other contracts. As a result, no construction work would be
necessary.

Total tank volume = 740,000 m'
Total waste volume = 201,000 m'
Total void volume = 540,000 n' = frit (sand) requirement
('based on the Technical Opriors Repoir and Tank Perm Surveillance and Waste Srarus
Summary Report for April 1994)

Process water required for the ISV process is assumed negligible.

The entire tank farms would be vitrified to an 18m depth, includin- areas between the tanks.
The total vitrified volume would equal 3.8E6 m'.

ISV operating life eq uals 5 years, based on the assumption that it takes 3 weeks to vitrify one
tank Four ISV systems would be purchased with at least 2 in continuous opera-don zt all
times.

8-6
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Seven years oI ru=sh and development ar e required before mega-s..a-le ISV
could be implemerimd. This research and Cevelopmenc 1v1L cosi 567,000,100 as s'o , li! in
PNL-7499 (:Koe;ler 1990).

8.2 N SITU CBMNUCAL, STAB=ATTOtir

The in situ chemical stabilization option would use a l l the materials, equipment, and labor
shown for the "grout fill" option of the Tank Wasre Technical ODriors ReDorr. However,
because the grout fill option is for emery tanks, additional equipment and labor would be
required for mixing grout with the waste.

Additional unit process steps:

Construction of 18 TFCF
15-m (48-n)-diameter dome penetration of 161 tanks
Employment of grout mixing system (4-m [12-ftj-diameter auger with grout

injector)

The following tables from the Tank Wasre Technical ODtions Re orr were used as a basis for
including the additional steps:

Tanis Farm Confinement Facility

Table F7-7 CzDital Cost Estimate
Table F7-8 Opetzting Expense Summary
Table F7-9 Staffing

Dome 'penetration is considered "operation" rather than "construction." It was
assumed that the TFCF operating staff would perform the 15-m (48-ft) dome
penetrations; Tables F7-8 and F7-9 were modified accordingly.

Additional TFCF Labor:
35 operations managers (exempt)
120 operators (bargaining unit)

The TFCF has been sized according to rive different tank farm sizes (2x2,
2x3, 3(4)x4, 3x5, 4x5). The 18 tan!c farms will require:
4 (3x2); 3 (3x3); 9 (3x4); 1 (3x5); 1 (44 x5)

Grout Mixing
Table M4-5 Capital Cost Estimate
Table M4-6 Operating Expense Summary
Table ;,24 -7 Staffing
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$.,.°"dust sand is the ia'gest Cu_^.ni}' COnS^i'^^nt, it would be cxca-yar d C.^.S'_:C i:Om ex!5 .̂..n^
?it 30, located between 200 East and 200 West Areas. The sand cXca =m-on esama:e is
considered a capita l cost and assumes Liat exC.va-ing and erlshing equivnient would 2iready
be in place from other con-aacts.

ISCS operating life = 2 years, based on the following assump
tions:

2.5 hours to drill I well

37 wclWM- k
161 tanks
200 days for moving and set ting up
Continuous operation of 2 mixing systems and 2 batch plants at all times

0
The TFCF operating life must be 12 years because stabiliza tion takes place under the
TFCF, and the TFCF operating staff performs the dome penetra tions.

The total grouted waste volume is equal to the volume of all 177 tanks = 7.4E5 m'.

8.3 DRYIPL IG AND GRAVEL FILL

The drying and gravel fill option would use all the materials, equipment, and labor shown
for the radio frequency drying option in the Hanford Defense Waste Environmenral ImDacr
Sraremenr Working Papers-Fxisring Tank Wasre (Higley 1985), and the "g ravel fill" option of
the Tank Wasre Technical Oprions ReDOrr. However, the radio frequency drying option has
been modi fied with additional labor and couipment to include the DSTs.

The following tables from the Tank Wasre Technical Oprions ReDOrr were used as a basis for
including the gravel fill:

Table M5-5 Capital Cost Estimate
Table M5-7 Operating Expense Summary
Table 145-8 Staffing

A percent distribution of drying and gravel fill operating staff hours over the operating life
(including stasnrp and decontamination and decommissioning) is shown in Figure 8-3.

The total dried waste volume = 50,000 m'. This volume was calculated by estimating a new
salt take volume from the total moles of Na in double-shell slurry feed and dilute
noncom plexed waste. The sludge volume was assumed to remain the same.

Total tank volume = 740,000 m'
Tot--' waste volume = 50,000 m'
Total void volume = 690,000 m' = Total gravel requirement

8-9
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Table 5-8. Comrz^son of UL-za vcs by _11. s Modmic: C. i:2-1 CoSC
(Mllioas of 1595 Dol^-s).t

E •^+.-^
f"^"`"-v-k; r •rcT''>̂C-....^.,r.,`h"`^

",^+^	 .x,

-
"^'^^^i"'rt' ^r.S'?•,.,.^sf"
-..1..e+ .y+̂^+ '+. m—.u^ ^+*^-•.-P-K^vn,^^+*°+...

aarx-^aMy, v=.-,...xti xt.^DS....J-`i11.'
^ r^-^^•^= ̂  -& ^yo	 w r ^w,:^^<,g x.''.^`"^-.x^..,,,»^-rk.(	 ,4	

^F.-
'^'-z^c•-, a'Fi..^.L^aDi.v-..2#'-r."' ^^- ^',.s^EC^^"'•^;..v^ca'.+.""	 ^fi``

1	 -'^-'^. ••	 ... ^r.3•'^^^..,^	 .. 'T^^..^ SC^^O-t..^:s^^sC-"a...-L<	 k;
4^.̂wa.Yw.M2C^.•Yn.. t'^̂'"̂•4̂w<' ^ .ur3M+4.
^zinti:l

^xN^ ".'.A
-	 ^

,̂^^.`"ù+P^ 1fT,.	 v.	 9	 ^w^-^''	 M°—^^...^Z
x .^''u°^iS^^^ LSEEF.Ety:^i •'^.

J.	 K.rt.!O^T..	 "]"L E	 ^? '3 M`T	 lG.Y MY
'^7-^IIY	 LG L.^^^V^''..'.TL pLt.^';

iiarri.l consmction' I S86 15113	 5237 I S86	 I Sl l l

Fsrlplid SST dosur6 I n/a I526.61S14 6 1526.6/514.6 1 526.6/514.6 1526.6/514.6

Emndd DST
closure' n/a 54.4152.6	 54.4/52.6 54.4/52.6	 54.4/52.6

Total • 	 IS86 5144/S13Q	 5268/S2541 	 ISI17/SJO- 15142/5128

Notes :

SST = rngl sacll tsnk
DST = double shell tank

'The cost of gravel was es3 steel iron App=du7A. 'Cost Haricer bfateils and w,as Rg rcd at S22 v--.-
cubic ma-. (=^) for 756,000 zm^ of r.3t_rial, or SI6,600,000. Tncro sr 16 55:000-g2llon tacks t=at
would be sabiiiz-4 with the same grout tnistur- used for rsbiliaag the ccillary equine n:. Toes:
tz:ks hive a total void vole— of 5,524 mt. Tac cos of ties grout was test'^ ffin a: 50.14 per
kilogram (kg) for Type LrR r	 r, 50.04/kz for fly ash, cad smso/m^ for sand frog ?it 30. For

106,500 kg of ccemcz:, the cos would be 514,900; 958 ,000 kg of fly ash would cost 538.300; and
5.160,000 kg of sand (3= ma of sand) would cos, 559,700. The total cos. of this grout is 5112.900.
The cost of Ic water was :cot calculated. The cost of the air entrainment addtttve was tm).."70W but
asr--==d to be neg ligible.

e cost of concrete was-*-- Led at 50.14/kg for Type RE cement. 50.04/kg for fly ash, and
518.501co2 for sand hom Fit 30. For 15,000,000 kg of en cat, the tort would be 52.100.000;
137,000.000 kg of fly ash would cost 55,480,000; 1 260.000,000 kg of sand (1.300.000 n? of sand)
would toes: Sh-3.200.000. The total cos of this grout is 530,780,000. Ttic cast of ibc we:cr was not
cad- •'atx. Tae car: of the air a u raisa^^t additive was tmloown but assumed to be neg ligible.

'Inc  cost of solidifying the ancillary equipment is based on the same grout foraula as in notes 1 a=a 2.
Tn— is 13,700 & of void spec in the ancillary equipe,cot for the SSS and the Drs. The SS -1
ancillary equip=c=t void space is 10,500 =2. and the Dr ancillary equipment void space is 3.200 n?.
For SS' ancillary eq:pm=t. 210,000 IS of c.-act would cast S'r9,400; 1.890,000 kg of fly ash
would cost 

575,600; 17,400,000 kg of sand (10,900 & of sand) would cos 5-01.500. The total cos.
of sabilirag znc a-^illary Sr eouip:aent would be 5306,500. For DS ancillary -̂ uipm=t•
64,000 kg of r	 t would cos; 58,960; 576,000 kg of fly ash would cart S-3.DCA; 5,312.000 kg of
sand (3.320 nr of sand) would cost 161.400. Tae total cast of stabilizing the ancillary Dr muipnct
is 593.360. 'ac cost water. was not calculated. Tac tor, of the air eatnr_=t additivc was
t•-t•-own but: az zmcd to be neg ligible.

Tac torts for nonitar=.g and mat--nzc at_ r_ilc:=d is Table 5-10 and were not indudtd in t 3c.
cos:S.

5-15



WIC-SD-WV-=V-1071 --v 0

Tab-- 5-9. ComDarSon of ?1:_—aa^v c:s by Ca-pim-7 Cos Camwn=n
(MLI-ions of 1995 Do1L-s).

.s.	 ^^-„a,i»^'•.s	 :,? S ^t	 .^c±,^^^.r^-^ ^^"`^,-.s	 €	 -•' i Y z a--1_.,.17. '^c.”="^.`_^	 ^
t-43 ^^ 	 ^	 ^^	 Lz.Y	 ^ î•<Ŷ .S^ C e[3 "W.w 4̂ .y ^%. ^i.^i.xYw.^ S:

.N:v^..'—t`r ^.

YO" V ^} 
.Ô ^̂ ^"'FS	 ^V	 N•^ VJrli.w.Cr 'Yn..

^ {yam L2 .{	 .qM^ .r^} ^`

„-W,	 q:r.>	 'r'v+e,	 -
{̂ ^^r^+"i x'i^^"`^ -̂b̂ 4>.ft` w+(1Yf A'̂il .:j{

I.abort 	IS30.6	 IS54.1/S57.1 IS105/S107.3	 IS43.91S46.9 IS53.61S56.6

Ma*^lizls/stmnli s 528.5	 IS42.9/S37.4 S81.1/S75.0- 	IS34.1/528.6 IS42.5/S37.0

Equipment'	 I n/a	
I 
SO.25/S0.35 50.25/50.35	 I SO.25/SO.35	 I S0.251SO.35

Local purchases`	 1557.5	 5;3.5/$35.1 S130/S121	 IS82.9/574.5	 IS42.5/534.1

TOMI	 ISM	 5141/5130	 IS316/S304 S161IS150	 IS139/5128

*ii(.0
hoses:

n/a - not applicable

t . -age wage for a cz t employee at TWRS is 557.11/hour, for a non-rents a=lov= is
5?û 35/aour, and for a bargaining unit e=ploy.Y is S41.31 1bour (oased on ove S-. 4, the common
support pool and general and administntivc rates found in Soft Reporting on November 11, 1994 for
organization code 70000). Labor costs w— calculated talang tae sta ff hours r. 0-- Tables 5-2.A ter.-Juga
5-2D and multiplying by the average wage. Ancilla ry equipment s abilization =d barrier cons-vcion
labor costs w-.- included in both grout and gravel sabili:adon. It was assumed tat a

ll 
design,

egiaeeting, pad s--crvisory pesocacl wez czempt, a :d chat all radiation and no=-adiation work-=;
w_- - bargainng tzzir c- Ioyers.

Materials and supplies include the tank and ancillary muipmcat ssbilia:ion ra_rials and the mate rials
used in barrier construction over the tanks and over the LLW Vaults (in the =_zt-sive Pr_:rcarm=[ and
TPA P:-tet:-- i Altr.adves). They include onl y mat_-rigs that cannot be bought locally (asphalt,
amb.21t coating and geot=dle fabric for the barrier, fly asa for sac grout mix). All other traumas for
stabiE-anon and bzm--r cons.-upon err_ listed in local purchases. Tozsc num'nea w— calculated from
App--di-- A. 3a .icr Cos: by Component. Asphalt would case 527,800,000 for task bat-ins,
S 5,300,000 for calve pretreatment grout. 58,500,000 for czar sive pr_::at^t glass , and
58.100,000 for the Tri-Party Agree==, glass. Geot=ztile would cost 5717,[90 for :oak barriers,
S1,700,000 far c:=sivc presutmot grout, 5284,000 for ctrsivc	 glass , and 5268,000
for Tri-Parry Alternative glass. Fly ash would cast 55,600,000 for the grout stabilization option (both
for tanks and ancillary eauipm az): it would cost 5137,000 for tae gravel sabilia:ioa op tion (for ut e
55.000-ga llop teaks and for wcillay mippzat). The cost of the grout option is Lrs:ed nzs;, and the
cos: of tae gravel option is listsd second.
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1<Illc 5-10. Comi.3-e.I'..son oI C' 2IIV[S by Monimming znd M=—;n:--I=--i= Cost COu. Ui -ii
ff—LUdons of 1995 Dollm).`

Notes:

'Sc Appecdi.; A for details on the calculations.

^-Vo_torng and =Mint.-....- sonlics to all phases of the ela,,ure package (ta :k se i^:ion. a c11z-v
mrip^t =bilia	 m:tion, and ha	 ccnstr action).	 -	 .

yin -labor rats are baud on an avcage wage of 5130,000 per- year for sumcp . isots, and 500,000 x-
year for laborers and a clak/sc^t-_t%ry.

'All rat=nals and supplies a - local pur...bases.

'=.et:ipmcnt mss = hex3 oa on tractor with acne: mots and three pickup trucks. to be tn?1 2c: d
on= every nve y'..ats.

For d̂4itioaal backup information, sc Aapeadiz A, Fieurs A-1 A3, and A<; and Tables AS rd
A9.	 .
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Table 5-12. Cou _::arson of A1LZnv cs by Uric _R ^c : Swlxnc of CorsM+:c_oe
(C-l alda: Year. Smrt/Carnaletion Da:`).'

(``'+
^

-..̀

+.'

S^^QC^_$f'ri."n^.'. .
ls^C^^S3ai^ Zl^',.-T7. Cpl'^Y"32ICG^TII[ s^ r"i1iY1O	 n-,s ...̂¢t^}•h^K^af'^

i.:^Fs..;.Rrt.4ixCRr^or•FM:T-Fiu+¢.'. -'^': `^rqt 'S^l'YY^..-.^nS^..3fs+^c	 ..., .. .22^.'x?^T+.S^G. 0 4..iC.34..	 w\.A.i:i 2	 "M ....... •....r.

Barrier 2013,2016/
consaucdon 12030,2033 y 2024/2060 ` 2024/2030 I	 n/a	 ' 2028/2034

Emmied SST
closure'	 I n/a 2010/2024 2010!2024	 ` 2010/2024	 12010/2024

Emptied DST
closures Ilia 2019/2023 2019/2023. 201112022	 202312027

Notes:
n1z = not applicable
5ST = single-well tank
DSI' - double-shell tank

13ascd on W$C =?-0616, Te .k We re Tem:nical Opriors Report. (Boomer, ct al. 1993).

-Inc s:art/compledon dates for barricr construc tion, for the in-situ disposal al •ca:ive is based on
WHC-SD-WSS-EV-101 (McConville 1995). In situ chemical stabilization dsoan=ination and
d mom=issioning ends in 2013, and barrier w ruction over tie tanks begins ;---d at_ly after time
task: it ads in 2030. In sim vitrification	 : d d,emarissio=iag ens in 2016, and
ban-ter cousstrc-ion over the oaks begins imm iafely aft--. that task. It ends in 2033. zj/(7•ZP53

'Ine tar, and cotnplctlon dates for bamcr construction for the eztentivc vte::cx.=cn: alt---= ,ivcs and
the Tri-?arty Ag--tea=t pr_fer red 2 1-_-r uivc are based upon the assumption that no bam.C.-
cons:rscuon over the low-level waste vaults cam begin until d;an:amiaa:ion and d=ommissioaipg
activities for the faci lities end.

—i ne Start and COspletion dates for a-,tied SST closure are base on the Tank Farm ?Ze:.-ieva!
Sequence schedule found in WFC-SD-WM-=B-193. This = ti edule is mprtduced in Apncdiz A.
Tnesc figures r_flct work occurring smqucz ialiy (that is. no parallel opctiors ++— Used). Taul
stabiiiation had ancillary cquit,,e t s:abilization begin u soon as Tank Farm rctnzval oacrxions
cad; barrier c=str,^:on begins as soon as tanks acrd z=12.ry equipment a.= rabiliz-.d.

"The tart and corepletion dates for c tied DST closum = hued upon the ass_=tion L^mt no tank
or ancillary equip't stabilization can begin until treatment operations end, and no barrier
wrxnuaion as begin un til tanks and antllary equipment have been stabilized for each m-ak clus ter.
Ttis 'R-'-^+tion w>_s used b^ no schedule was geca:ed for the ret rieval scquam of Z^.= DSTs.
Tn= figur es r_flc work oczu :ing scqua:ially (that is, no parallel opt :ions .vc = used).

For a?didoaal bait! = iafo:..mtion. sec Apaadiz A. Tabl es Al-A9 and A-11.
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'q T.3o.	 WriC-SD-^Zf-^V-1 Rev. 3

Table 9-17. O'Vel ll Cost Component. (Millions o; 1995 Dollars)

mfr	 .^"""^^^s.,.^a^xi	 ^a. x̂ .: ^.^ "A^ ^^:uw, R`MC4•^i—'.'a'i .̂..r..^''i`.3SCw\^`^Ss

Capital I	 3,6001

Operating 3,900-

Research and development 63O'

Repository fee: 1,750
Other related cost	 I 8,6W

Total 518,500

Notes:
0

'Total capital cost includes 40% contingency. Contingency is excluded from other
toss.

Includes start-up, decon tamiw on and decommi ssioning, and monitoring and
maintenance costs.

'Pg. 130 of Boomer 1994, which w as based on a draft of the Tank Warne Remediazion
Syszon Maki-Year Program Plan (MYPP) (WHC 1994).

'Other related costs are costs defined in the MYPP that should be included in the total
costs, but are not directly related to operations. These costs at--:

Program management
Operations and maiateaaate
Tank farm safety
Tank farm upgrades
Characterization

Total

S1,18o
4,290 l S^Fj A'34^-'^
440

1,720
933

$8,563

Round to 58,600 million. These corm are taken as total unescalated costs from the MYPP.

Boomer, K. D., J. M. Colby, T. W. Crawford, J. S. Garfield, C. E. Golberg,
C. E. Leach D. E. Mitche ll, F. D. Nankani, E. J. Slaatbaug, L. M. Swanson, T.
L. Waldo, and C. M. Winkler, 1994, Tank Wane Remedlarion System Facility
Configuration Szudy, WHC-SD-VIMES-295, Westinghouse Hanford Company,
Richland, Washington.

WE C, 1994, Tank Warne Ro edicrion System Muiri-Year Program Plan, WHC-SP-1101,
Westinghouse Hanford Company, Richland, Washington.
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Figure 8-1. Site Layout for Extensive Separation
Alternative with Low-Level Waste Vitrification.
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Land  (ha) surface committed'

Temporarily 401 24 P-41 201 24

Permanently 1	 171 -/641 171 25

Water (ml) 2 38,OPO 1 -72=>1 1	 145POO1 38,000j72ow&7-,eOOr

Source of water

Energy

Electrical (GWh) I	 In/a n/a I	 n/a I	 n/a l	 n/a

Propane (ml) I	 / n/a n/a n/a n/a I	 n/a

Diesel fuel (m')' 1	 45 000 72 1 2,000 45,000[qZjdLO5791W

Gasoline (m-) 1	 1260 4 ZL;> 356 1	 830 2,601

Materials	 I
Concrete (m?) 0 0 0 0 0

Ste--I (t) 0 0 f	 0 0 .0
Asphalt (m') 2,500 glow 8+,680 /164,000 62,500 dap 880
Excavation (m3) 0 0 0 0

Soil (MI) I -f77,000 /1,320,000 377,000 645,a°5$6;866

Riprap (m') a

f38,000 j931,a,869;M 11,480,000 638,000 93110p801,000

Gravel/sand (m')' A 15,0001 -T-2,2YO—,000 41:5,000

Waste debris 0 0 0 0 0

Waste water 0 0 0 0 0
Sewage 0 OFI-	 0 0 0

Em

7 OIL 0

-W11C-SD ,-WM-EV-107 Rev 0

Table 5-3B. Comparison of Alternatives by Barrier Construction Resource Requirements

(Units as Indicated) • NJE. .j BASE CJD::se

4& 3l- 3L--r5 r7c>^ 4=)
> 4ka, rz7^,rc, 'tj 

763/4a--

50 4k a- ,,/60L-T gz,6te,-D bwv"& req alre'aw;G

"o-rry Oo 5oqA=mc,,X = P—rwli^ Lwm4L4aL,fr-4

e4VJWa"VIA ORA TALX -S+V,%.ffS,, Chenr d4e,4v i-f)C4?OAAn

5-9



WEC-SD-WM-EV-107 Rev 0

Table 5-3B. Comparison of Alternatives by Barrier Construction Resource Requirements

(Units as Indicated). 	 Co"RO

u,	 aa?	 i<-	 w^ ^»'ytt^t	 ra+a	 n 3:

a	 bn

a^,	 ^ 
^^13`sixsr r-tttauae3ix Pretrzment;	 a	

_	 s'
w,	 a¢ m,	

,.,.,.,,,.^,.	 ka ua„p. `^"	 a.	 ta¢°^	 S'>*r	 î77s° -	 Z;,,

^:, .,.M,^,..,^,_,:,..,^..^•,^ ^^^
1^^	 ^cxr^ '^ cmB̂ ^^ .A	 °its .^ t.^ra , ^^

Land (ha) surface committed'
Temporarily 20 24 24 20

Permanently 17 25 64 17 _-

Water (m3) 2 38,000 57,000 145,000 38,000 rs^999
Source of water

Energy-
Electrical (GWh) 3 n/a n/a n/a n/a n/a

Propane (m3) rVa n/a n/a n/a n/a
Diesel fuel (m3) 4 45 ,000 60,000 142,000 45 ,000 59 rp 39;668
Gasoline (m3) 260 ' 350 830 260 34-5	 26$'

Materials

Concrete (m3) 0 0 01 01 0
Steel (t) 0 0 0 0 0
Asphalt (m3) 62,500 81 ,600 164,000 62,500 2qWO
Excavation (m3) ° 0 0 0 0 0
Soil (m3) 7 377,000 535 ,000 1,320,000 377,000 S„iOm SR4-,W
Riprap (m3)' 638 ,000 809,000 1,480,000 638,000 7Ss,,,e891,9W
Gravel/sand (m3)' 415,000 615 ,000 2,250,000 415,000 5
Waste debris 0 0 0 0 0
Waste water 0 0 0 0 0
Sewage 0 0 0 0 0

Nam ,he EKS,Tv I,osrry CO• rjl&49^ CLL PAnsA 'W, Lr^t.> ^/iwL-r ,orzQq
1s Y-Z_ Mo.W' ^ p — Kk,v r3,,, 

Tan^	 rL^ln c o,, c	
^ ^71 `

ol>;— ^,/treriw^,.to ^°7

Cp'x,f
t^'
 a.Q-k = t jcv ^^, +	 1 07e -MJ-Y Sep — IJo sw,
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f Table 5-3B.

-W'HC-SD-WM-EV-107 Rev 0

Comparison of Alternatives by Barrier Construction Resource Requirements
(Units as Indicated).	 1^4p

.. ... ....... 	 -1	 L-4-j

Land (ha) surface committed'

Temporarily 20 241 241 201 24

Permanently 17 25 641 17
1	

25

Water (m') 2 38,000 57,000 -145,0001 38,0001w= 5-,0GO

Source of water

Energy- *

Electrical (GWh)— n/a n/a n/a a/a n/a

Propane (m') ry/a n/a n/a n/a n/a

Diesel fuel (M3) 4 45,000 60,000 142,000 45,000 r72OLV 59-,9%

Gasoline (m) s 260 350 830 260 42.6

Materials

Concrete (rp3) 0 0 0 01 0

Steel (t) 0 0 0 0 0

Asphalt (m') 62,500 81,600 164,000 62,500 glovo 89;796•
Excavation (ml) 1 0 0 0 0 0
Soil (m')' 377,000 535,000 1,320,000 377,000645dao32

Riprap (m') a 638,0001 809,000 1,480,000 638,000
^

31
#

Gravel/sand (m') 415,0001 615,000 24250,000 415,000 744=59&0a
Waste debris 0 0 0 0

Waste water 0 0 0 0
Sewage 0 0 0 0 _0

CA	 kjrzr,,,a^ joZtuOU^ ok^-& SW,^Q,	
1	 "LT
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I e i n..—..... ¢act 6,,.,— _ MoMrialc rlwl Tnrinv CnnctrnHinn and Ol ratinns

Alternative Borrow Type Amount (in' [ftrj) Location

No Action (Tank Waste) N/A N/A N/A

Long-Teti Management N/A N/A N/A

In Sim Fill and Cap Aggregate 690,000 (2.5E+07) Pit 30

In Sim Vitrification Sand 540,000 (1.913+07) Pit 30

Ex Situ Intermediate Separations Aggregate 317,000 (1.IE+07) Pit 30

Ex Situ No Separations
- Vitrification
- Calcination

Aggregate
Aggregate

123,000 (4.4E+06)
123,000 (4.413+06)

Pit 30
Pit 30

Ex Situ Extensive Separations Aggregate 372,000 (1.313+07) Pit 30

Ex Situ/In Situ Combination Aggregate 410,000 (1.5E+07) Pit 30

Phased Implementation (Phase 1 only) Aggregate 12,000 (4.3E+05) Pit 30

Phased Implemen tation (Phase 2) Aggregate	 7 159,000 (5.713+06) Pit 3D

[votes:	 —
N/A = Not Applicable

J

'r..61a a a o R.,....,v _ M^fn.:vie ncad f r RarL-BII of .mnW Tankc for all Fx Situ Alternatives

Alternative Method Rind Amount (mt [ftrl) Location

Ex Situ (al l) Tank Stabilization Aggregate\ 754,000 (2.7E+07) Pit 30

Ex Situ/In Situ Combination Tank Stabilization Aggregate
w-

( 1.6E+07) Pit 30

Phased Implemen tation (Phase 2) Tank Stabilization Aggregate 754,000 (2.711+07) Pit 30

`r.M1 a a 1 R— _ x6utartn 1c ticad fnr rnnctrnrtinn of rianfnrd Barriers

Alternative Borrow Rind Amount (m3 [ft31) Location

In Situ Fill and Cap, In Situ Vitrifi cation, Silt 377,000 (1.3E+07) McGee Ranch
Ex Situ No Separations Riprap 638.000 (2.3E+07) Vernita Quarry

Aggregate/Sand 415.000 (1.5E+07) Pit 30

Ex Situ Intermediate Separations, Extensive Silt	 (Q$t!W
2. E

530,000 (69E+8) McGee Ranch
Separations, or Phased Implementation Iliprap	 9311duo 1p24+07) Vernita Quarry
(Phase 2) t Aggregate/Sand 744 6064M (2213+07) Pit 30

Ez Si[Wln Situ Combination Silt	 SIIWo (,Lis ±07) McGee Ranch
Riprap	 7$S (y`.1E+07) Vernita Quarry
Aggregate/Sand 5gb (2.5E+07) Pit 30

totes:	 z,^7' Includes materials to construct barriers over tank farms.
= Includes materials to construct barriers over tank farms and the LAW di oral vaults.
NIA = Not Applicable	 i

r7 WI UW

deitt1rn3 5en3.d11
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REVISION N0. 0

OBJECTIVE

METHODOLOGY

ASSUMPTIONS

(Continue on another sheet if necessa ry)

Jcle-dj--
SIGNATURE

CALCULATION & RESULTS ATTACHED

J,tco3SlFo.=.+rncuttnrt.sar



I
on "i ^o

'

_ 

f	 ` 

^

/

.^fl^

^..I a	 1^1Pi J VbLUM2d AFO

/-AIA> 1/a(A ^^nre anc^r^lonN ^ 1(.0 n,z oF/SfPr

^ 1. n5a;r,A Pi i.7	 ISP&Q k 1If^

AMP

{^- eu^Ukre L 4S4onU Sp x= is

SDACP = X5350 IL{^s x ^15m^ • k 110610

-	 -	 d .•
	 -	 of	 .

G4. 1S7U rnz'/ ^-7r

[
^

^
r A "O or = 3 YF- MPc

(,Jh•iL^, ^c SrJ/T^1/^.[^^.fn-.{^ L^^-LoLJ(5^^^,^^

{-I^A^IFC S c>..- ^--il'xn..^ S1C^4 . e	 ^^ C-{^Ca ^iC ,y	 .

J^	 12c^.0 ter.	 ^r^^Q i^r	 ^'a^is
A.



I

u

^l. J

	
I	 ^	 1	 t	 i	 ^	 I

.^I	 I

IZ4. 7

	

W.56.000	 W.55.000	 W.54,000	 W.53.000	 W.52,000	 W.51.000	 W.50.000	 W.49.000

WHC-SD-WM-EV-104 Rev.0

Figure R-L Site Plan.
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ne raxwnox
fx fxfCFAiTR
rtx lo?1 ItVt1 xA$R: HitrlYAtU11
LLx lOx lLVp. xASR; MfMY'-^iKM
{tU8 tCWN ' . tl1YR6 BISAA
OCB OPTMIt?5 CCfDROI FRLxxI
DA DPCMtt	 51%'PQi} Axdq
RTB

D
MPAAiTD OrtPNQ BLWq

Yt55r xASR $IATID /i0
SAW)G f/C[RY

SQN/S(OR SrR.%E/SigULC
xNSE xARLHM[

CASE 84 EIS

alwx	 nio,.^:1oc:ac

U.S.DEPARTUENT Of ENER4)

R^RA D+6 K
a+.rm xn.uon o.+sw

EIS
PAPREFMREO N.TERNAIT

SITE P LAN

U
	 t	 I	 $	

n1,11	 unnnnum i nnnnnnunnn^ts



0

T^NRS EIS
C_^LCT -LATIO\ COVER SKEET

ORIGINATOR t tL 'iJ ^66&A&71	 DATE

REVISION N0. 0—
u

OBJECTIVE aAbvJ.V- 44- ao%/4;.,,l Q.uc,

METHODOLOGY ^^ V

ASSUMPTIONS

N	
(Continue on another sheet if necessary)

C)
	 "

7.l

' 0. 	 - l ^SIGNATURE

CALCULATION & RESULTS ATTACHED

JACO3R OP-4MCALCSr.:? r



^

1

Z ^^^ l^l ®ffr^^^^1/ {^.. rim ̂ ^l^^l r^'^'P r m ^ 1.

S-^orG CG [ 1cX	 />l^	 OOs^Dn/ yz lt

dd

+- PL^r

Ec Srn.J ^av ^^^^ ^o b^^ ^..^+^. ra 1LTf1i1nc^1^',

ol\--Q^ CAL c :6 4L Tn-^-2C^2sY^C^ ^/21CMci^l cry `-'

6 sugcie + fro i	 P rp— 540raz
rn ^„^D	 "T^C^-•.^ nv ^-l^ ^o in I-4t_^^ in+erh	 Q

	

i - nl) rlA lx.r- ca, - LAo d Sp,^sap Vau µs , S j !! .	 „A zo

6:m l c> 4 	 9sLt) z"



-p ►KF.

^_ ^tp r^A IfQ ...V ^^ ^	 ^m f"I(^J S^Drc^cQ ^4^0f--

I^hr.^.V	 C^ f IO	 T' W o V ,cl (jCS^[^ Ia M Q {?^7Y(^

CaJ/f"ain^ ia'b^^iO^H•

141p. ic7abL fE' -t2.^ LIAF6 P 3!L 	1a	 3YhiI	 V1Gw-

GLK,a, c^yho /.^re^. rea ^ /Q .vw.^J (,3̂  ^ l^lM2^Pi^^ ^es„r.^ „^„

•	
z^iSies	 ^( [.) Sqpfa

I ̂  U7uLT /Srr^ ^ (Q^(,,^^ /Nz-



!^ /h a n 5l4e

M Y '

TNNRS EIS
CALCULATION COVER SHEET

REVISION NO. b

OBJECTIVE

ln4-pjin. 7`Y l	 bra	 r	 ^yvv 1- ^ao u^r^

Qre&lt. 0, s ;-le PI -^,

NIETHODOLOGY

ASSUNDTIONS 0. 1 	 g / r (G u

S q̂yr,_ f .

ow h^
(Continue on another sheet if nec:ssary^^/

SIGNATUREt /

CALCULATION & RESULTS ATTACHED

JACO3Sli0^{fSI^CTlA,SHr



rZ

I(o	 I3°) X Z.97_rA

AMC ^^ ^ 7m i A
//''^1	 ma^y,,,	 /'^	

o
T^12 C^Act0^1n. C^^^^.^^^x^c / . 

ti
ti

/,3+z^lch.3+t^^t ^. Ixz



X^

d^l

VII 6 a

5

0

O

1l

	
a

o =

vi w

N_

to

Q
U^

1 I 

.i



Wc, T	 477D aS 1 5 QO o'

^^-ITZ,1>=^c^^^ ^ 	 I U I? ^( 10 0	 Z
z4U	 aC

X53h^ =---_

• ^A ^ „^p^or^ r	 Z	 ..	 MZ

172700 vkl

11\ 

ryry ^^ 

I ^1 ^/	 L
/^

s^

I

(' I^	 ^

`

' Ewa	 ^n 5^ V't

YV CJ ^^ \ CL CLAM Nw^_ \JC

%c^2x,o 6 _ Z66U^ = 7¢6UUD

7s h^



rral

rI

I

00
0

__

1I1_	
—

EI

I	 C

^r
F

u hl °00

0

Hz

Y

-?r

;=o

73°704

Y

'f=EV-103'-S{Ep- 0 —

Figures-2. Site Plan.

z

'u ^
I

'	 _
0

I FQFNO

;tip/• ^-^i
-	 ICI

I
I

I	 ^Ij^^^^, 

1

I	 l'

1

^^i^i! Jam
CASE 8A ElC

^	 r 41Wy	 ]IiW ):I<Cl:ii
W(tM Sw4

°^— U.S.OEPARTNENT OF ENERGY

200 EAST AREA	 233.5 mll^	 -	
-

IEIS
NO SJTE PATUENT

II TE2irA HUA) S}or^o •	

m	

_	
TE P AN

»x ^^° a	 KK	 ^ ES-ALT8A-0 )	 o

-5/S-6

BCC9 E= NWp'JI.`C k= CKUi
.E SP "..

GN/CASK CATx/G	 Wk CACN)Y
cm c=/L Mu:R ACRM)CUpe	 c 6 UXNc
rm fA9	 IKA
M M[xAl[R

WB )#QW	 VAU)CS	 t
CCS

WS	 1
I

058
m OACult	 COxrAOI 

ev	 4
oxAAtw)a	

WM 4
B

AEe
NTRPoc

RE	
14

bl)A.WCE GA4plwm STo
MY xA$)E Sis r 	N0

Lu
STx

r/ strcC
MAHC4aucC

c

nr 
6,M
aoc M A	 Ruda

MEB

NW
N)ARKA141V ACGtAA1C0 CMIW.IKC

8

"SE[ xENIXrsEw 
c



x	 ; ;rn n ` s.	 WHC-SD-WM-SE-021

m	 -'` 1	 z: •s	 Revision OB

-^	 {I	 y	 tV 't	 l 1 ^` C44'1	 yYf'Y^1, 11

::,.	
I	 4>rn^ { + 1̂ .^f ,r̂JCCC ,,.,y{,F4"yTZ	 Figure 3-6. 200 East Area Tank

Waste Remediation System Complex

$ •r
	

^Y1^^` s	 j^i{ftyy 	 (
y
tf; ; `,ff .'' I kf ,' Ij^\	

A4ailable Area.

	

I	 I^	 ..	
Y^I 

J ^	 l	
I ^^^^ ^ 

^^` ^^^ ^ 
_	 f	 ^t^	 a 17 1 	Al	 ' f̂  c<Ifj	

f	 7^	 71
7 	:- ' "	 I I

	

I	
':i^ %a}j1^ iii t.	 -	

!°J	 ^Y F_	

> ^1.'^u 

^df.!%' 

e 1` 41'ate ( t, 7	 •r li	 _	 _____.—__	 -

-.^	 L,^ u ^ it' i3 r ^	 _ ,---° E$"• •	 t• r.	 Jlj^'Tr, ^ ^ Z s 
^{
ul

„
tt	 ,

^t	 {

i	 ,^.:...

1 \ ^5^{atj"t^L^^^.
	 ^y.C^ 3..	 a 3^^k E Rr , 9^'^Y^r.'1'i:

	 ala•S I	 _
^^ 

. 1 1	 uv.	 till [<<.	 wi Viii f'	 I	 Q 0

;tar	 ..	 uu	 'D	 'm""	 ^:''°	 f	 1	 `^,'a ^`'Tdf{ ,tl'aal.th:: f

	

::^'^t^	
^	

rl ^	

_ _	
`	

1 _

	 \ 	 -	
i ^^ • i/ p	 _	 a'yla,''^1'747

^_ 0	 ' 1	 ,^"	 I'tid^`;7sF' 	 -3 f'y '1	
4J 1icP°^

	

F	 6	 •m	 r 

qq

^	 >	 41?^

	

^'f::, i^ Xrj^	 ._ .-._ ^	 w	 ^	 _._.	
r.m.l	 \ 

li
t 3 r 9 ia^

	^ ^̂̀, ;̂'? ^t .^-1	 ^	 '^•,^^	 LLI^	 — I,(/	 Jl I :	 '•I
	

\ICJ 1'	
4^v

I INufni^{Jiiirl-_ J_/^^	
v	 ,e •ne ^_ 4 • 

—^
L 

^ J	 ^ f..- ^	 ^—_	 ..	 ^	
`	

X.^ 	 J

	

- 1 4	 ^\	 ^ p	 I	 ^ .L	 it 1 - 8fl	 6	 :i 9^1i	 a'.^	 i.s.	 ^v''JF5:41.7 ^. li

	

--	 ...	 ^ :T^^	 -	 _-	 _	 _SI I	 ^.^,+, ti= '. - _	 . - - .. - -	 Y	 I) 
f̂1	 s .e„	

-	

1	 I.k Cnj.:...Q.i•,

	

....	 1^	 10 'r.- - •T^	 1^.>r^	 Î—	 1 ^! 1	 y = l^^'•i 	'	 4	 1	
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WHC-SO «058-FOC-001
Revision 3

3.3 RANGE OF OPERATION

Design Parameters

Achievable design velocity
	

5.0 ftts

Specific gravity
Viscosity
Solid content

Miller number
Minimum pH (Harris 1992)

Transfers/flushes
Temperature
Transfers/flushes

Insulation
Particle size'
Friction factor

1.5
30.0 cP
30.0 displacement vol%

<100

11.0

35 to 200 'F
Required
0.5 to 4 00

1.25
10 cP
20.0 displacement vol%

<100

I1.0

35 to 200 'F
Required
0.5 to 4,000 pm
Newtonian flaw

3.4 PIPING Q P	 ( r^?^ i 7A.10 01 ^ SJa

SP C2 t-

The pipeline system shall consist of pipe-in-pipe transfer lines in a
routing configuration as shown in Figure 1-2. The pipe-in-pipe transfer lines
shall comply with the secondary containment requirements in WAC 173-303-400;
WAC 173-303-640; and DOE Order 6430.1A, General Design Criteria (DOE 1989).

The primary piping shall be 304L stainless steel and the encasement
piping shall be carbon steel (Parsons 1994). The piping components shall be
chemically compatible with the alkaline radioactive mixed liquid waste listed
in Appendix A. The system also shall be designed with a 230 psi relief valve
to prevent overpressurization of the existing connecting transfer line
network. Pump IO2-SY will be capable of supplying 140 gal/min and 20 ft of
net -positive suction head to the suction of the Project W-OSE booster pu.

All pipe and pipe fittings outside the diversion boxes and other boxes
are to (1) be joined with welds, (2) be provided with the capability for
periodic pressure tests, and (3) have water flush capabilities. Piping within
the boxes may be joined via jumpers, welds, or mechanical means, e meept

of maintenance.

'0- to 50-pn particles will comprise approximately 95% of total.
SO- to 500-pm particles will comprise <5% of total.
500- to 4,000-pm particles will comprise <1% of total.

3-2

3-2
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The pipeline system shall consist of pipe-in-pipe transfer lines in a
routing configuration as shown in Figure 1-2. The pipe-in-pipe transfer lines
shall comply with the secondary containment requirements in WAC 173-303-400;
WAC 173-303-640; and DOE Order 6430.1A, General Design Criteria (DOE 1989).

The primary pi ing shall be 304L stainless steel and the encasement
piping shall be carbon steel (Parsons 1994). The piping components shall be
chemically compatible with the alkaline radioactive mixed liquid waste listed
in Appendix A. The system also shall be designed with a 230 psi relief valve
to prevent overpressurization of the existing connecting transfer line
network. Pump 102-SY will be capable of supplying-140 gal/min and 20 ft of
net positive suction head to the suction of the Project W-058 booster pump(s).

A11 pipe and pipe fittings outside the diversion boxes and other boxes
are to (1) be joined with welds, (2) be provided with the capability for
periodic pressure tests, and (3) have water flush capabilities. Piping within
the boxes may be joined via jumpers, welds, or mechanical means as required
for transfer flexibility and ease of maintenance. However, national pipe
thread connections shall not be used for piping in contact with the waste.
Provisions for maintenance shall be incorporated.

The system shall be designed and constructed to minimize the settling of
solids in the Pipes, pipe fittings, or other piping components during and
after the batch transfers. The system also shall be designed such that the

Table 3-1. Design Parameters.

Achievable design velocity' 4.5 ft/s b.0 ft/s

Specific gravity (mixture) 1.5 1.25
Viscosity 30.0 cP 10 cP	 .
Solid content 30% solids 20% solids

volume fraction volume fraction
Miller number
Minimum pH (Harris 1992) <100 <100

Transfers/flushes
Temperature 11.0 11.0
Transfers/flushes

Insulation 35 to 200 °F 35 to 200 °F
Particle size` Required Required
Friction factor 0.5 to 4,000 pm 0.5 to 4,000 gm

0.0404 (non-Newtonian) Newtonian flow

-Achievable design velocity is the theoretical velocity at which the
pumped materials with the characteristics shown in this table can be
transferred. It is not intended or implied that these velocities are the
optimal transfer velocities for waste with the given characteristics.

-0- to 50-pm particles will comprise approximately 95% of total.
50- to 500-µm particles will comprise <5% of total.
500- to 4,000-µm particles will comprise <1% of total.

3-2
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Table 5-13. Comparison of Alternatives by Process Module for R etrieval and Transfer:
(Millions of 1995 Dollars)'.

K	
Modu^c u2 z 0ispoIn"

AcGari !
g	 1>g'^4,1^ 3. ^:y	 c^h,	 31 (	 a.

SST retrieval $0 $0 $2,508 $2,508 1$2,508

SSTconfincnunt $0 $0 $1,492 $1,492 11,492

SST waste tr:ut rif rs $0 $0 $1,956 $1,956 1$1,956

SST subsurface
barriers

$0 $0 $768 $768 $768

DST retrieval $2,198 $0 $1,306 $1,213 $1,306

DST waste Iransfers $272 $0 $458 $344 $458

MUST retrieval $0 $0 $74 $74 $74

MUST waste transfers $0 $0 $93 $93 $93

Total $2,470 $0 $8,657 $8,466 $8,65T

Note:

DST	 = douhle-shell tank
MUST - nsiscellancous underground storage tanks
SST	 - singlc-shell tank
TPA = Tri-Party Agreement

	
G

'Par basis of estinuae, see Appendix A, Backup m Table 5 . 13, Oveadl Retrieval Costs for no action alternative,
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Table 5-14. Comparison of Alte rnatives by Overall Cost Component for Retrieval and Transfer
(Millions of 1995 Dollars).

j9	 f a	 `^	 y Nog0
 kywr'f^,. MRS,MRS

,
Cos( Ctiniponent

Drsposal

Action
Disposal Pretreatment

.n
^ 1.

Capital' $1,930 $0 $3,270 $3,270 '$3,270..

Operating' $440 $0 $5,180 $4,990 •1•	 $5,180

Research and $100 $0 $210 $210 '$210

Development'

Total ti $2,470 $0 $8,660 $8,470 $8,660

Notes:

n
t7

M

M
C
6
J

0

TPA - Tri•Party Agreement
	 RE

'far basis or capit al cost estima it, sec Table 5-15.

'For .basis or operaling cost l'stitmate, see Table 5.16..

'Resenrcb and development cost is estimated as 5 percent of capital cost.
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SSTs

Retrieval
Arm-based	 $283	 '13,514,932	 $1,069	 $0	 $57	 $1 1408
Sluicing	 $579	 6,224,163	 $492	 $0	 $29	 $1,100

Confinement
Arm-based	 $587	 11,080,075	 $876	 $0	 $29	 $1,492
Sluicing	 $0	 0	 $0	 $0	 $0	 $0

Barriers	 4390	 48 0	 35	 8	 76

Transfer
Pipeline $408 19,329,408 $1,528 $0 $20 $1,956
Container $0 0 $0 $0 $0 $0

SST Total = $2,247 54,688,639 $4,324 $0 $155 -$6;725

DSTs

Retriev al

Mixer pumps $916 3,172,608 $251 $0 $46 $1,213
Sluicing $48 541,987 $43 $0 $2 $93

Transfer
Pipeline $0 5,798,822 $458 $0 $0 $458

DST Total = $964 9,513,418 $752 $0 $48 $1,764

MUSTS

Retrieval
Sluicing $39 421,546 $33 10 $2 $74

n
d,

to
C

n

a
LA
LA

Backup to Table 5-13. Overall Retrieval Costs for T ri-Party Ag r4eement and
Extensive Separations Alternatives (2 sheets).
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Backup to Table 5-13. Overall Retrieval Costs for Tri-Party Agreement and
Extensive Separations Alternatives (2 sheets).

Transfer

Container $23 870,998 $69 $0 $1 $93

MUST Total = $62 1,292,544 $102 $0 $3 $167

Retrieval = $3,273 65 9494,600 $5,177 $0 $207 $8,657

Notes:

DST	 -	 double-shell tank
mus'r n	 misrell:menus undcrgfound slorrge lank
SST	 single•shelllank

As indicated in 
Section 3.0, the values in these tables are imported from spreadsheet calculations. The number of significant

figures shown dues nal imply level oraccuracy or degree of confidence in the estimated values.

See Notes to Backup Table 5-6 Construction Staff Hours for capital cost basis.

See Table 5-1 and Tnble 5 . 16 for operating cost staff hours and basis.

D&D cost basis is included in operating cost, and is based on entombment in place, per (lie lianford Mission Plan,
DOE•/RL-93-102.

Operating cost includes startup cost.

Retrieved R&D cost is assumed to be 5 percent of retrieval capital cost, except R&D cost for arm-based SST retrieval in cludes
additional $43 million for SST retrieval test facility.

Ooorner, K. D., el al., 1993, Tank tVarre Teclrnrcol Options Repair, WliC-EP-0616, Rev. 0, Westinghouse Hanford Company,
Richland, Washington.
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Table 9-17. Overall Cost Component. (Millions of 1995 Dollars)

£past Com	 Went	 a,^^^^	 130K	
fY3

Capital

Eiefeusdttera^a,tce	 a:

3,6001

Operating 3,9002	 7.700
Research and development 630'

Repository fee 1,750

-effirr	 -Fasts -876W

Total g?90
Notes:

'Total capital cost includes 40% contingency. Contingency is excluded from other
costs.

'Includes start-up, decontamination and decommissioning, and monitoring and
maintenance costs.

'Pg. 130 of Boomer 1994, which was based on a draft of the Tank Waste Remediation
System Multi-Year Program Plan (MYPP) (WHC 1994).

'Other related costs are costs defined in the MYPP that should be included in the total
costs, but are not directly related to operations. These costs are:

Program management $1,180
Operations and maiateaaaa 4,290
Tank farm safety 440
Tank farm upgrades 1,720
Characterization 933

Total $8,563

Round to $8,600 million. These costs are taken as total unescalated costs from the MYPP.

Boomer, K. D., J. M. Colby, T. W. Crawford, J. S. Garfield, C. E. Golberg,
C. E. Leach, D. E. Mitche ll , F. D. Nankani, E. J. Slaathaug, L. M. Swanson, T.
L. Waldo, and C. M. Winkler, 1994, Tank Waste Remediation System Facility
Configuration Study, WHC-SD-WM-ES-295, Westinghouse Hanford Company,
Richland, Washington.

WHC, 1994, Tank Waste Remediation System Multi-Year Program Plan, WHC-SP-1101,
Westinghouse Hanford Company, Richland, Washington.
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Table F-36. Total Cost by Unit Operation.
0 Olt

x	 ^€

 "..E

I

a ^ b ; If
5^^,(

F1

x	 5^ ^ `	 - e ,

st

A ` .^awa

%

a

z lwA 0,1Put

a€ a
^ MO,xm

pf^y ftifm

Sludge wash $43 $129 $6 $2 $12 $6 $9 $207

Cesium removal $380 $276 $54 $21 $105 $56 $83 $975
Centralized racilities $520

$520
LLW vitrification $1,300 $624 $170 $68 $332 $176 $264 $2,934
LLW disposal S16 $9 $4 S 1 7 $9 5225 $14 3294

HLW vitrification $1,400 5639 $70 $78 $384 $126 S260 $2 957
HLW transportation 14

$24

HLW disposal
$239 $1,750 $1,989

Total	 $3,643
fo $308 $173 5850 $373 ^$225 $239 SG30 $1,750 $9,900

Notes:	
JIoTU

Table values are in millions or 1995 dollars.
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Table 7-17. Comparison of Alte rnatives by Overall Cost Component
(Millions of 1994 Dollars).

Notes:

'Capital cost - See Table 7-18

=Operating cost - See Table 7-19

'Monitoring and maintenance costs are provided in the Closure Technical Data Package for
the Tank Waste Remediation System Enviranmenral Impact Statement (Scanlon et al. 1995).

'Radio frequency drying will require two years of research and development at S5 million per
year, based on engineerin g judgement.

The in situ vitrification option will require seven years of research and development at a total
cost of $67 million. This is an escalated Paci fic No rthwest Laboratory estimate shown in
PNL-7499 (Koegler 1990).

Koegler, S. L., 1990, Underground Tank VitrOcation Project Plan, PNL-7499, Pacific No rthwest
Laboratory, Richland, Washington.

Scanlon, P. L., H. Hampt, W. A. Skelly. 1995. Closure Technical Data Pakcage for the Tank Waste
Remediation sysrem, Draft. Westin ghouse Han ford Company, Richland, Washington.
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Table 7-18. Comparison of Alternatives by Capital Cost Component
(Millions of 1994 Dollars).

^'^°^^^ag1I^;^QS1'^`y,^i`lff«a^^y^ m, .`a°x^x'^aP^`r^".2 x
^. +
	 f~II711,^C3t1e[F^

,....^kS.:a'ca^d3?'s^:r^^^.ea

Labor

Sitl1^C°1iCmlt^l^
nz^^^ i -	 w"	 g
^x .̂ Stal11112allOrf^
?yam , Ymv,: ; ^ "x9KF,'Fo'ix'C ,̀h.'^^

2,600

^^1)Z}ting>2IIf^^ !^Ir3YE1 ,
4	 ,^. k^ ea	 7^^•'^`^I^t%4a ^_'v1t17^IC2(lOn3,`^ ti	 e	 ,^

^e ^ŝ " . <A 2>.:.>.> 3^» «, ^..:

5

- 	 J•Fl.;sltu	 -^^,-

:::..	 ..	 r.

2,800

Materials/Supplies 1 ,450 /3 1.550

Equipment 20 00

Local Purchases 260 11 / c/ 280

Total 4,300 -1*0 4,700

Notes:

'Tables M4-5 (S tabilization by Grout Capital Cost) and F7-7 (Tank Farm Confinement
Capital Cost) of the Tank Waste Technical Options Reporr (Boomer et al. 1993) were used

^'e7^ s^cry a/^-
242-A Evaporator

Capital cost = 0

Tank Farm Con finement Facility
Labor	 - $2.600 million
MIS	 = S1.700 million
Equipment	 = SO
(Local purchases = 0.15(M/S + Equipment))
Tota l	 = $4,300 million

Grout mixing
Labor	 , = S 5.6 million
M/S S13 million
Equipment = S21.5 million
{Local purchases = 0.15 (MIS + Equipment))
Total = $40 million

2SD-WNI-TI-111 Rev 1 (Higley 1985). was used as a basis for one radio frequency drying
system. Forty-five systems are used. Table M5-5 (S tabilization by Gravel Capi ta l Cost
Estimate) of the Tank Waste Technical Options Report was used as a basis for the G ravel
Fill estimate.

242-A Evaporator

Capital cost	 = 0
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Table 7-18. Comparison of Alte
rnatives by Capital Cost Component

(Millions of 1994 Dollars).

Notes: (Continued)

orl Rad o FregiLency DrvinQ
Labor	 = $0

M/S	 — $O
Equipment	 - S^&!nfillion
(Local purchases = 0.15(M/S + Equipment))
Total	 = $121 million!

Gravel Fill
Labor	 = S 5.4 million

•	 M/S	 = 13 'Ilion	 ^^po
Equipment	 — S 6.4 million
(Local purchases = 0.15 (M/S + Equipment)) =3
Total	 =, $25 million;

'Tables M9-4 (In Situ Vit ri fication Capi tal Cost Summary modified to include sand
excavation) and F7-7 (Tank Farm Con finement Capi ta l Cost) of the Tank Waste Technical

Options Report were used as a basis.

V -
242-A Evaporator

Capi tal cost	 = 0

TFCF
Labor	 = $2,600 million
M/S	 — S1,700 million
Equipment	 = SO
(Local purchases = 0.15 (M/S + Equipment))
Total	 - 54,300 million

In Sim _Vit ri fication
Labor = 5163 million
M/S = 5123 million
Equipment = S 64 million
(Local purchases = 0.15 (M/S + Equipment))
Total = 5350 million

Boomer, K. D., S. K. Baker, A. L. Boldt, J. D. Galbraith, J. S. Garfield, C. E. Golberg,
B. A. Higley, L. J. Johnson. M. J. Kupfer, R. M. Marusich, R. J. Parazin, A. N. Praga,
G. W. Reddick, E. J. Slaathaug, L. M. Swanson, T. L. Waldo, C. E. Worcester, 1993,
Tank Waste Technical Options Report , WHC-EP-0616, Westinghouse Hanford Company,
Richland, Washington.

Higley, B. A., 1985, Hanford Defense Waste environmental Impact Statement Working Papers -
Existing Tank Waste, SD-WM-TI-111 Rev. 1, Rockwell Hanford Operations, Richland,
Washington.
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Table 7-19. Comparison of Alternatives by Operating Cost Component
(Millions of 1994 Dollars). (5 sheets)

a	 g	 Fm	 ^^^ ? In Srnl	 hemtcal Drying andt °Gtavei In Situ
"'^flpCrd^^:CfSi:>CoIIFpOnent1z ,̂ ,^Slalillrialiorl^^^^ H	 •l .y,'^,F31L	 ,.-  VIIrilrcation

1}'))^%C[vOZ +̀nD'IX
ayu

k	 /)kS.YimY.•Y:?^n SR^3^f`^r^ VPhv^^:WSJ.XfSS31. P•̂ ^a.' n\YrP) K	 ^: ..;e?,.

Labor 2,100 X766 /^^ 2,600

Materials/Supplies 10 '23y 100

Equipment 110 '	 39 24

Local purchases 20 22

Startup 370 92 430

Decontamination and 1,600 ALL/p 1,600
decommissioning

Total 4,200 X889 t^l^^ 4,800

Notes:

'In situ chemical s tabilization
242-A Evapo rator = 5-year operating life
Total operating cost = S127 million
Annual operating cost = S15 million

Following numbers based on previous operation of 242-A Evaporator:
Labor — 59 Exempt x 130,000 per y ear = S8 million per year x 5 years = S40 million
60 Nonexempt x 50,000 per year = S3 million per year x 5 years = S15 million
Mate rials/Supplies = Sl trillion per year x 5 years = S 5 million
Equipment (Upgrade cost = $13 trillion) = S3 million per year x 5 years = S15 million
(Local purchases = 15% of (Mate rials/Supplies + Equipment))
Tota l = S15 million per year = S75 million
Stamp = 2 years operating cost

= 2 (S15 million)
= $30 million

Decontamination and decommissioning = 2 years operating labor + 0.3 (capi ta l cost)
= 2 (S11 million) + 0.3(0)
= S22 million

Tank Farm Con finement Facilitv (TFCFt (Grout) = 2-year opera ting life
Total operating cost = $2100 million
Annual operating cost = S153 million
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Table 7-19. Comparison of Alternatives by Operatin.- Cost Component
(Millions of 1994 Dollars). (5 sheets)

Notes: (Continued)

Following numbers based on Tables F7-8 and F7-9 of the Tank Waste Technical Options Repo rt

(Boomer at al. 1993), modi fied to include 15-m (48-ft)-dia, dome penetration.
 = 239 Exempt x 130,000 per year = S31 million per year x 2 yr = S 62 million

/OOJ [

Labor

83 Nonexempt x 50,000 per year = S 4 million per year x 2 yr = S 8 million
683 Bargaining units x 90,000 per year = $62 million per year x 2 yr = S124 million
Labor Total = $97 million per year x 2 yr = $194 million

MateriaWSupplies
Electricity	 = 4 E4 kwh x S0.025/kwh = $1,000 per year x 2 yr = S2,000
Equipment	 = S53 million (1993) z 1.05 - $55.7 million per year x 2yr = SI I I million
(Local purchases = 15% of (Materials/Supplies + Equipment)}
TFCF Total	 — S153 million per year = S305 million

Startup = 2(S353 million) = S306 million
Decontamination and decommissioning = 2(S97 million) + 0.3(S4,300 million) = S1.484 million

Grout Mixing = 2-year operating life
Total operating cost = S100 million
Annual operating cost = $16.5 million

Following numbers based on Tables M4-6 and M4-7 of the Tank Waste Technical Options Ripon,
modified to include mixing systems.
Labor^

90

36 Exempt x 130,000 per year = $4.7 million per year x 2 yr = S9 million
15 Nonexempt x 50,000 per year = $0.8 million per year x 2 yr = S2 million

 Bargaining units x 90,000 per year = S8.1 million per year x 2 yr = S 16 million
Labor Total = $14 million per year x 2 yr = S28 million

Materials/Supplies
Water (includes po table water for all in situ chemical stabilization personnel)—//-/%cea/ro/4

= I E6 ml x S3/m' = 53,500,000 = %00, 000n'^y _5a3M3
^n0I •^/

Electricity	 = 1.6 E6 kwh x S0.0251kwh = S 40.000
Cement	 = 7.1 E6 kg x S0.09/kg = S640.000

Flyash	 = 71.2 E6 kg x S0.04/kg = $2,850.000

M/S Total	 = S3.5 million per year z 2yr = $7.0 million
Equipment	 = S643,500 ( 1993) x 1.05 = S680.000 per year x 2yr = S1.4 million
(Local purchases - 15% of (Mate rials/Supplies + Equipment))

Startup = 2($18 million) - S36 million
Decontamination and decommissioning - 2(S14 million) + 0.3($40 million) ^ S40 million

Additional Staffing (includes Program Management, Operations and Maintenance, Tank Safety, Tani;
7z	 Upgrades, and Characterization)

Exempt	 = 6.1 E3 staff-yrs x S130,000/staff-yr = 5790 million
Nonexempt	 = 1.2 E3 sta ff-yrs x 550,000/staff-yr = S 61 million
Bargaining units	 = 1.0 E4 staff-yrs x 590,000 /staff-yr = $940 million
Tota l	 = S1,800 million
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Table 7-19. Comparison of Alternatives by Operating Cost Component
(Millions of 1994. DoIlars). (5 sheets)

Notes: (Continued)

s =Drying and Gravel Fill

242-A Evaporator = 5-year operating life
Total operating cost - $127 million"

Following numbers based on previous operation of 242-A Evaporator:
Labor	 = 59 exempt x 130,000 per year = S8 million per year x 5 yr = S40 rr llion

60 nonexempt x 50,000 per year = $3 millionper year x 5 yr = S15 million
' Materials/Supplies = S  million per year x 5 yr = $ 5 million
Equipment (Upgrade cost = S13 million) = $3 million per year x 5 yr = S15 million

Total = $15 million per yeai^^$75 'millioiil

Startup - 2 years operating cost
- 2 (S15 million)
= $30 million

(Decontamination and decommissioning
= 2 ($11 million) + 0.3(0)
= $22 million'

Radio Freeuenev Drvin¢ - 9-year operating life
Total operating cost = $f89^}1ion=/^(n

r labor 13 Exempt x 130,000 per year = 51.7 million per year x 9 yr = S15 million

93 Oil	 3 Nonexempt x 50,000 per year = 50.2 million per year x 9 yr = S 2 million 	 79
77 Bargaining units z 90,000 per year = $6.9 million per year x 9 yr = $62 million

-Total Labor = $9 million per year	 79

Materials/Supplies =a9
Electricity = 1.1E8 kwh z 50.025/kwh = $2.8 million per year x9 yr =tr a 1p
Water (includes po table water for all drying and gravel fill staff}- y ,;

= 1.1 E6 m' x S3/in' 5370,000 per year x=93r = $ 3 :million,	g
Equipment = 0	 3/!rl = a ^7/ ///

Total= 312 million= 5108 million
Startup = 2($12 million) -I
Decontamination and decommissioning = 2($9 million) + 0.3(SI21 million) $54'millioti'•

Gravel Fill = 4-year operating life
',-Total operatingcost =:Sf47,1411wn .
Annual operating cost = $19 million 	 3	 9

°?o?H/oe^^x ^1yrsX Sa3ti,

Person• yr
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Table 7-19. Comparison of Alternatives by Operatin.g Cost Component
(Millions of 1994 , Dollars). (5 sheets)

Notes: (Continued)

Labor, 47 exempt x 130,000 per year = $6.1 million per year x 4 yr = S24 million

11 3 /	 14 nonexempt x 50,000 per year = $0.7 million per year x 4 yr = S 3 million 	 -^^
70 Bargaining units x 90,000 per year = S6.3 million per year x 4 yr = 525 million
Total Labor = S13 million per year - $52 million'

Materials/Supplies O
Electricity	 = 5E4 kwh x S0.025/kwh = S1250 per year x 4 yr = S 0 million'
Equipment	 = S6 million per year x 4 yr = S24 milliod
{Local purchases = 15% of (Materials/Supplies + Equipment))

•	 Total	 = $19 trillion = $76 million

S tartup = 2 (S19 million) = S38 million;
Decontamination and decommissioing = 2(S13 million) + 0.3($24 million) =,S33 , million

C^

40/

Additional S taffing (includes Program Management, Operations and Maintenance, Tank Safety, Tank
Upgrades, and Characte rization)

Exempt = 8.8 E3 staff years x S130,000/staff years = S1,100 million
Nonexempt = 1.8 E3 s taff years x 550,000 1s taff years = S 88 million
Bargaining units = 1.5 E4 staff years z 590.000/s taff years - S1,100 million
To ta l = S2,500 million

31n Situ Vitrification
242-A Evaporator	 = 5-year operating life
Total operating cost = $127 million
Annual operating cost = S15 trillion

Following numbers based on previous operation of 242-A Evaporator:
Labor = 59 exempt x 130,000 per year = S8 million per year x 5 yr = $40 million

60 nonexempt x 50,000 per year = S3 million per year x 5 yr = S15 million
Materials/Supplies = Sl million per year x 5 yr = S 5 million
Equipment (Upgrade cost = S13 million) = S3 million per year x 5 yr = $15 million
(Local purchases = 1590 of ( millionate rials/Supplies + Equipment))
Total - $15 million per year = S75 million

Startup = 2 years operating cost
= 2 ($15 million)
= S30 million

Decontamination and decommissioning = 2 years operatin g labor + 0.3(capi ta l cost)
= 2 (Sll million) + 0.3(0) 	 -
= S22 million

Vitri fication = 5-year operating life
Total operating cost = S2400 million
Annual operating cost = 5110 trillion per year
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Table 7-19. Comparison of Alternatives by Operating Cost Component
(Millions of 1994_ Dollars). (5 sheets)

Notes: (Continued)

Following numbers based on Tables M9-5 and M9-6 of the Tank Waste Technical Options Report.
Labor 292 exempt x 130,000/year = S38 milliou per year x 5 yr = $190 million

131 nonexempt x 50,000/year - S 7 million per year x 5 yr - S 35 million
437 Bargaining units x 90,0001year — S39 million per year x 5 yr = 5195 million

Labor Total = S84 million per year = $420 million

Materials/Supplies
Water (includes potable water for all in situ vitrification staff)

= 1.2 E6 & x S3/m' - S3.6 trillion
Electricity - 4.4 E9 kwh x S0.025/kwh = S110 trillion
Limestone = 1.1 E7 kg x $0.09/kg - S990,000
Propane = 1.1 E7 kg x $0.02/kg = S220,000
Ammonia = 6.8 ES kg x S0.38/kg - $260,000
M/S Total = $23 million per year x 5yr = $115 million
Equipment = $2.4 trillion (1993) x 1.05 = S2.5 million per year x 5yr = S 12.5 million
Total = $110 million per year = S545 trillion

Startup = 2($110 million) = $220 million
Decontamination and decommissioning = 2(584 million) + 0.3(S4650 million) = S1563 million

Additional Staffinn (includes Program Management, Operations and Maintenance. Tank Safety, Tank
Upgrades, and Characterization)
Exempt — 7.2 E3 staff years x 5130,000/staff years = S	 930 million
Nonexempt = 1.4 E3 staff years x S50.000/st2ff ,years = S	 72 million
Bargaining units = 1.3 E4 staff years x S90,0001staff years = S1.100 million
Total = S2, 100 million

Boomer, K. D., S. K. Baker, A. L. Boldt, J. D: Galbraith. J. S. Garfield, C. E. Golberg.
B. A. Higley, L. J. Johnson, M. J. Kupfer. R. M. Marusich, R. J. Parazin, A. N. Praga.
G. W. Reddick, E. J. Slaathaug, L. M. Swanson, T. L. Waldo, C. E. Worcester. 1993. Tank Waste
Technical Options Report, WHC-EP-0616, Westinghouse Hanford Company, Richland, Washington.
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Capital Cost !n Situ Disposal Extensive Extensive No Separations Tri-Path•
Component Pretreatment Pretreatment Acreement

Option A Option B Preferred
Alternative

Grout/Grawl Grout/Gravel Grout/Gravel Grout/Gravel

Labor 529.5 552.1/555.1 597.9/5104 542.71543.7 551.61557.6

Materials & $23.5 542.9/537.4 551.1/575.6 534.1/523.6 5425/537.0
Supplies

Equipment n/a 50.25/50.35 50.25/5031 50.25/50.35 50.25/50.35

Local Purchases 557.5 O	 1 SI30/S121 © 532.9/574.5 ®}

T	 AL 5115.5 -i3ir'.°	 1 5309/5301 $160/5152
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BY 2 ̂ Oê CHKM	 JOB NO. _. 01!(-p710Z

V
^`f	

7 , / L= '^` 0 3

_

I
;	 I

Gz?'L-'f -
	 --^-'

._._,. 
^—n,°_ I 

//
/^^/̂ y.^ - •v,^v̂ .c_ ; ^Iy/q-v^.r/^y.:^-___ 3 9 = 10/	 I ^'^-----^—^^J^

C	 >	
J	 4	

i 	 I 	 ^

G , z i /.LiGu.	 /^ 4Y•^ Glr^-.sfia:...	 3̂ ias-	
- ----- 	, ^	 ^	

i

^__..	 !.	 ^	 i 	 I	 !	 I	 I	 j r	 i	 f	 ^	 1 ^^	 I	 I	 I

^^ I	 ^I ^^-(- 3 2 f -p-6 ^J^ t^'.l-G U E'f04,	 !	 i I	 i	 I	 I	 I

/o , Y^

t	 ;

a	 /f



q o 
JACOBS ENGINEERING GROUP INCJE 

DATE 2 - s`' 2 L	 SUBJECT	 SHEET NO. 3 02/ 3 ^J

BY AP'Z^ CHKR	 JOB NO.

' 1

0I T°3—

1 1	

7^

I	 1
,

'	 I	 ! ^h /..6+21bi4.^ i	 = 	 I cJ K ^! I	 !	 ^	
---1	

I i

__-_,	 i^	 I	 I	 ^T 	 i	 x1.7

/05 3Y

i	 I	 i I

I	 '	 I 	 I	 !	 I	 I	 I	 1 - 	 ^	 ^	 !

i	 — 5- 4 7 En'7-

I
1

: 31r a^^^

i	 I



& ©ACOBS ENGINEERING GROUP IN C

DATE^rr^^''

^
"^ 

-^s- Y	 SUBJECT	 SHEET NO.

BY 

J,,,,
_.SC^L_ CHKD. 	 JOB NO. 0//,-47/,0/

_.._ 

I

4 3

v	 I

^- 	 ---3G 30 lI	 = 3^G 3 ^>LO`f 4j:-

4 y



Al
©ACOBS ENGINEERING GROUP INC

DATE	 SUBJECT	 SHEETNO.

BY ^V J CHKD.	 JOB NO. 22 '-^'7ial

_.._

aro> 
9 

Y :37a op

I	 ^	 _

^9	

I

I

I

i

I



A

i-	 !

1

i

i

i.

i.7

1	 i	 +

i

n
1

	

^	 + I

it

	

' /	 I

	

I	 I

J-11 
o JACOBS ENGINEERING GROUP INC

DATE — Z ^— —4 4^	 SUBJECT	 SHEET NO. / 6 0/ / -3 
/7BY++^^^%' CHKD.	 JOB NO. m /X" 7'

.__.. ^a./^e/^.t/9.'+vY.. ^.r^-. .̂,^`•t2r_^ C/̂
p 
-w 7^!-4.C_t.<L.^l ;b/^' ^'.o--LJ..^l /`/T_

`. f .

,-_. %^/
3

ir.^,/̂Old?iL^u..1^ fro _^ ^ ^J4J^C^-1_./ 3̂!^ , 3'Y/..Gf/LV..Ci^ //^!'p^^J.3!J Q̂/'^_!^!=.ZCRkii3^ ; ,

- ^., _ ̂ ii ^^_1.^ 2:i^'4i3 i4 Gl ' m S''^i7^ ^ _ ^?-rs-^ O'^? 1̂.' 
_

-. _,____CIF_3-._J..1/!cG-:L//	
^^^^^/may

	 _	 '.

- .. _..__ ^^i3J—.^^.../i'i.^^t i,,e. ^: ^yy."f!?-u/ ^-..^..^-Grp :^ ^r 5 ^^^fL/.%.. ,_ -	
..

r	 ;

.—.—^-.1^^{/^.!s/-- ^3 G^?`O7o ^i3_a^.r^..^.w'
^
f.^.G^-s-o^*.:y"^.ety /`-^v^-e.^



Fille JACOBS ENGINEERING GROUP INC
DATE V	 (,	 SUBJECT	 SHEET NO Z q al 5 7
By 6^CHKM-	

JOB NO.

--'77.3

............

a 0 36	 11.1 0 (9

o13

16 30 X00I T00 Vej'lc7 9 8S /I do o

AIL 3 z6 r  d^ , LY

1.5Y4, e+, 0
3, 7 -7	 o

4- 4 7 F40 C -07 3F-f o 

e.16 ,7 L,+,,S

uY70d4L0700 J-f,0"d

3 L/	 S-3 77 F+ 0 5'

rafts
q.q	 6'

u Z;-- 7L" 14- 4a r1 1 	 3'
,0

a Ll 6 't a 0
T—

'7V 0000
0,:;0v

0 c,

C• 61
lil'ol	 1,

.7-7

7. 3 T IE-/-
3.13 14 ef d 41

I:;. ;L 6 L)	 a 0

Hot s

Z,-! 70 53tl 4gro 601cli
j^ '7	 7 S'^^ [00

rly(o

C77

7c"

'3'7 F-t D S
7 7oo 757 500 1 4rf7 '/, Oa^



/77/0e Y3l00 30 q 7 oc?

l 9 4-7--f -v34m ,r .Z4 e- f-a3

Tam uGrz	 _

L(

Gasses .7

7 1̂  4

.01

i

I

At @ JACOBS ENGINEERING GROUP INC

DATE	 SUBJECT
	

SHEET NO. 1 9'	 3 7
By	 CHKD.	 JOB NO.

/7Y



J-110)
 COBS ENGINEERING GROUP INC

DATE^,, ^^ - IS— f(-SUBJECT

BY-3̂ CHKD.
SHEET NO. / &7 3 7
JOB NO.	 4^7/O

3_ /^aa^ t^ ---

r^ ; rr^ . Tim

a^G.

1

3 g n 2

3260

/ D .—.
11f 7

3 :

- f'F o 7

Zf-3

6

S7 0
?3 41

aGGFfO

g2 83^{

%r S `^i. ot<

.rUr./>

-^_

— --

J3 q,

413/67

3 /G7;	 ..._
Ce G ^! ^
g2 33q

/^,-

^./^u^!^.	 —
I'-^....._!-<`^

_._

PiX 3o
c'.a` so

^.r,^ dvtrii..
^,t.-^

s

-.

^if2 Sf3y .

— - h

f^

^. ^! 'Z 7J qY oZ O
IILLG7

3,7GOD

IlLLC7

lGLGry

3os.6'7

Pa >"G

3o^c^
30S6 7

3 so n- ;

^000^	 I

---__

a 63^ 0

g^ rat

iG etc

pr3a g233y

wv v

g^33y
X23'?-;—

G s ? ^ ;
 (3 Qi

aasd0
I

$ CPo I

_1,837--
3^'y 3d'— ̂ 	 ; CO .'d , 	 I

GGk'-.... I^ct	 (b.f837^ ntOTI.LOR 3
/lazC/.s..^ 36i $;e' _ . sv Sa- L3aS 	 iI

Far h J°r^^+ ^' /b42	 i' 1K3o o 170o

I
a /=—/^ ^!

17,^	 'i/	 T..wGf... (AePd)

u^^

7Gy3e	 r

^o+^c C'a•v I

j^—
PT i J

YP'

II

—7 $ 7 ;z^ !	 11

Ia y

t

1	 60 prr
i / v2	 I

;

113	 4.1 3	 I

1/ 7 f7

El':



ME @ 

JACOBS ENGINEERING GROUP INC

DATE	

-	

SUBJECT	 SHEET NO.	 3

BY	 CH KM	 JOB NO. UM' q 7/a/

0

7-

65

1 4470



it @ JACOBS ENGINEERING GROUP INC
DATE	 SUBJECT	 SHEET NO.	 2
BY 1	 CHKM	 JOB NO. O/R 147/0/

r7

0 0 r7)	 00
a 4; 7	 0-1	 49 3

7-

7

ol^	 5

7d

0

IzLeV

6

'HL k)



AE oJACOBS ENGINEERING GROUP INC

DATE	 '^ 5— Q^	 SUBJECT SHEET NO. °9—T —^, ,
BY /T ̂ LCHM JOB NO.	 OIK ^`710^

---------- ° --r'̂
.f Cam+-^-----=_ l3 YG 0

	_.. _.	 .

--	 ------ ,G.ry ^s	 Y^rd/rSZo/^3 	- -G6 14 s—	 -----	 ----

'	 G.c^%.-re. i^ .ts-.rte-3 	 _ / ^. 3 a-_

i

^--
i	 I	 I

I

;



J! ©ACOBS ENGINEERING GROUP INC

DATE -!9 - RV
,^(^)	

SUBJECT	 SHEET NO. ^3 °, '̂
/
^J

BY r^ CHKD.	 JOB NO.

3 ou75^	 = Go

--
f—;- -1-61	 (7 5-0 t- S2 o o) -

	 —

ILI

I	 i	 ^	 U_ ,^^	 I	 I	
2- I	 i

^	 ;	 r

	

^	 ^	 r

i

^	 I

I

r

-__ z^ -^	 (/ 6 SGT	 5 000) !



dE 
oJACOBS ENGINEERING GROUP IN C

DATE^__/_^o,Z" ^-(3 qG	 SUBJECT	 SHEET NO. 2^E ^3/

By 	 CHKQ	 JOB NO. a/l< 97101

	

/	 - ---------

_--	 __--____ -•--	 ^̂ ^	 - is ^y^	
- .._.-_i

' _	 B.utGi^_?^	 _ (o ^2 Jam-	 ^	 I ^



dE 
oJACOBS ENGINEERING GROUP INC

DATE a-1.5=- F̀	 SUBJECT	 SHEET NO. 9fi- J)"37

BY ,E, l CHKD.	 JOB NO. OW N y7^0

Ll

I

1

- --- --- _	 -- _ z -7 o -- z 2

. . _	 a.s'--r ._.^^le .o efi2)/u«.

zj

I

•	 I	 l	 I
u_ X40 o rTso - iv	

i,

^ 14,7I 1 t fo6)-^ 6/ `7YFc —	 -iL q 72 t fD y

I	 ^	 j	 _^'	 ^	 1	 I	 I	 I I	 ^	 I	 I	 _,

—.	 =
(5-933w) i^t0 	 -;18 33 	 *J 5_f.¢i °7{ o

----'--

--	 ...._ .	 ^ r3J —	 (5633	 ((U)	 = 5 a33 u o SS3^ <(2)

Lt 0 !	 I

^^r^S.^	 3o5G7 Cto^—:= .>oSG7 D _	 ;3oS6?aI.. ..	 _	 _._._	 3.	
S-^^.^.^^ 4 ri0^ (' !p^	 -	 e^ U' •7D0 O 9 C^ 0000:



A@ 
JACOBS ENGINEERING GROUP IN C

DATE 7,- 	 SUBJECT	 SHEET NO. ;X G 0-f 3 ^/

BY	 CHKD.	 JOB NO. 0 1K 4(710^

._ o, ty c-'loc -as
t  

gzL/-o :r /.3/ _ /-63 4 G-- i-oJ J 	

3

r

c-- 

y ay-o) -C S o: L-

r/ , 

^..._..	 ^	 ^o-*' ^^( = 3G ^^{ /3D = 3,L^ED_ ^,/law_._._._

1

fi	
^- 

	

G.f-^c--^3 l/</^L.stv.^(.rty_	 :G:R./.--^^^ _ /-TOL-LG7_,•--
'.yi /̂ _ '7z^ u^Ff = 923 x'380 = , a ve^To G l^-^..-	 K- _^— ^.

^G'._^^ JJ ..^	 IGa'3`61	 / G '	 1.4^ E'T^ G	 I I	 lrn.Sr,^. C/
!<^_o_ , !I	 1	 I

f	 Ct^io =	 6 3f	 2 6io
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Sheetl

I
EX SITU INTERMEDIATE SEPARATIONS ALTERNATIVE

RETRIEVAL
Waste Transport

I I total
Onsite Truck 1.25E+04

Total 11.25E+04
Construction

Offsite Truck I trips/yr km/trip yr total
concrete 4.80E+02 1.40E+02 2.00E+01 1.34E+06
raw mate ri

al 4.50E+01 8.00E+02 2.00E+01 7.20E+05
equipment 2.50E+01 1.00E+04 2.00E+01 5.00E+06
miscellaneous 5.20E+03 1.40E+02 2.00E+01 1.46E+07
steel W-314 5.30E+01 8.00E+02 4.24E+04
cement W-314 1.00E+02 1.40E+02 1.40E+04 Total 2.17E+07

Offsite Rail trips/yr km/trip yr total
raw material 1.00E+01 8.00E+02 2.00E+01 1.60E+05 Total 1.60E+05

Onsite Truck
borrow W-314 1.38E+03 1.00E+01 1.38E+04 Total 1.38E+04

VITRIFICATION
Construction

Onsite Truck trips km/trip total
borrow /.G1Fto 1.00E+01 5.20E+05

Total 5.20E+05
Offsite Truck trips km/trip total

- concrete 6.v6t^oy '2.90E+04 1.40E+02 4.06E+06
-, steel 1.5 1 E+cy 9.50E+03 8.00E+02 7.60E+06-

trips/yr km/trip yr

miscellaneous I548E+03 1.40E+02 1.00E+01 7.28E+06 

Eq 03 Total 1.89E+07

Processing
ffsiteTruck A/3a-y,3 trips/yr km/trip yr total
u, glassformer/chem 1 8.00E+02 1.95E+01 3.59E+05

miscellaneous 5:20E+03 1.40E+02 1.95E+01 1.42E+07
.3 Ero3 Total 1.46E+07

Offsite Rail a2 trips/yr km/trip yr total
I 2.60E+02 8.00E+02 1.95E+01 4.06E+06

fo Total 4.06E+06
•Gyc'{o

VITRIFIED HLW TRANSPORT
Offsite Rail trips km/trp total

Yucca Mountain	 < 't:70E+02 2.93E+03 4.98E+05
33E o2 Total 4.98E+05

CLOSURE
Onsite Truck cu yd trip/cu yd km/trip total

fill 9.86E+05 1.00E-01 1.00E+01 9.86E+05

Page 1
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Sheet2	 a-ls-qG

I i
EX SITU NO SEPARATIONS ALTERNATIVE r^ Cz	 ''f/

-RETRIEVAL
Waste Transporl total

Onsite Truck 1.25E+04 Total I 1.25E+04

Construction
Offsite Truck trips/yr km/trip yr total

concrete 4.80E+02 1.40E+02 2.00E+01 1.34E+06
t raw mate rial 4.50E+01 8.00E+02 2.00E+01 7.20E+05

equipment 2.50E+01 1.00E+04 2.00E+01 5.00E+06
miscellaneous 5.20E+03 1.40E+02 2.00E+01 1.46E+07
steel W-314 5.30E+01 8.00E+02 4.24E+04
cemtnttmisc W-314 1.53E+02 1.40E+02 2.14E+04 Total 2.17E+07

-Offsite Rail	 I trips/yr km/trip yr total
raw mate rial 1.00E+01 8.00E+02 2.00E+01 1.60E+05 Total 1.60E+05

Onsite Truck
borrow W-314 1.38E+03 1.00E+01 1.38E+04 Total 1.38E+04

VITRIFICATION
Construction

Onsite Truck trips km/trip total
borrow ^ 282E+04 1.00E+01 2.02E+05 Total 2.02E+05

q.4 @eio
OffsiteTruck ;Eioro trips , km/tdp Itotal

Try Cities tt 3 *,r.,q ,: 1r30E+•04 1.40E+02 1.82E+06
-- Portland/Seat tle '5.00E+03 8.00E+02 4.00E+06

u.leio9	 r t71 trips/yr km/trip yr
miscellaneous 5.20E+03 1.40E+02 5.50E+00 4.00E+06 Total 9.82E+06

Processing (,A {03
Offsite Truck trips/yr km/trip yr	 Itotal

Portand/Seattle E+01 8.00E+02 1.40E+01 5.60E+05
miscellaneous -6:10E±03 1.40E+02 1.40E+01 1.02E+07 Total 1.08E+07

ask .	 3
-2 _L-7'-3-

Offsite Rail trips/yr km/trip yr total
w.4 Portland/Seattl	 m,%) 1.035+,02 8.00E+02 1.40E+01 1.15E+06 Total 1.15E+06

VITRIFIED HLW TRANSPORT
Offsite Rail trips km/tdp total

Yucca Mountain •2:14E+03 2.93E+03 6.27E+06 Total 6.27E+06
•47e

CLOSURE
Onsite Truck

I
cu yd trip/cu yd km/tdp	 Itotal I

fill I 9.86E+05 1.00E-01 I 1.00E+01 1 9.86E+05

Page 5
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I I i	 i	 i	 i	 I

1 I (EX SITU NO SEPARATIONS ALTERNATIVE -C1 (C,rp/tij•
I I ^ I I I

-RETRIEVAL ; I I	 I
Waste Transport3 Itotal I I

Onsite Truck 11.25E+041Total 11.25E+04

I I
Construction I I i

Offsite Truck trps/yr I km/trip Iyr Itotai I I
-- -S, concrete T 4.80E+021 1.40E+021 2.00E+011 1.34E+061
- 7 raw mate rial 14.50E+01 18.00E+021 2.00E+01 7.20E+051 I

equipment 2.50E+01 I 1.00E+04 2.00E+01 I 5.00E+06 1
miscellaneous 5.20E+03 1.40E+02 2.00E+011 1.46E+07 I

(steel W-314 5.30E+01 I 8.00E+02 4.24E+04
cementtmisc W-314 1.53E+02 1.40E+02 2.14E+04 Total 2.17E+07

-Offsite Rail trips/yr km/trip yr total
raw material 1.00E+01 8.00E+02 2.00E+01 1.60E+05 Total 1.60E+05

Onsite Truck
borrow W-314 1.38E+031 1.00E+01 1.38E+04 Total 11.38E+04

VITRIFICATION I I i

Construction I

Onsite Truck 3-r3 E-1014 1 trips krrtrip total
borrow 2.02E+04 1.00E+01 2.02E+05 Total 1 2.02E+05

I 1
Offsite Truck as trips Ikm/trip total I

...r,	 ITry Cities 31f-^ foq % 1r30E#04 1.40E+02 I 1.82E+06
's Portland/Seattle%/L. , 31 8.00E+02 4.00E+06

trps/yr km/trip yr
Imiscellaneous 5.20E+03 1.40E+02 5.50E+00 4.00E+06 Total 1 9.82E+06

I
I

Processing
I I

F oa.
'6 Truck

g.yger trips/yr km/trip	 Iyr total
^Portl n_d/Seattle 5.00E+01 8.00E+02 1.40E+011 5.60E+05 1
miscellaneous	 1 5.20E±03 1.40E+02 1.40E+01 1.02E+07 Total	 1 1.08E+07

I I I

I I I

Offsite Rail trips/yr kRgp yr total
94,w	 Portland/Seattle e	 1 1 Q39 ;̂02 8.00E+02 1.40E+01 1.15E+06 Total	 1 1.15E+06

I I I
I I

VITRIFIED HLW TRANSPORT I
Offsite Rail 	 Itrips Ikm/trip Itotal I

,, ,ee^ IYucca Mountain	 1 ^,	 -f03f 2.93E+03 6.27E+06 Total	 1 6.27E+06
I ?	 f a, I

I I i I

CLOSURE	
1

I
I I

Onsite Truck Icu yd	 Itrip/cu yd km/irip  I
Ifill 9.86E+051 1.00E-01 1.00E+01 1 '09'16+051. I
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I	 I I I

EX SITU EXTENSIVE SEPARATIONS ALTERNATIVEI
I

RETRIEVAL
Waste Transpo rt total I I

Onsite Truck 1.25E+04ITotal 11.25E+04

I
Construction

Offsite Truck trips/yr km/trip yr total I
concrete 4.80E+02 1.40E+02 2.00E+01 1.34E+06
raw mate rial 4.50E+01 8.00E+02 2.00E+01 7.20E+05 i
equipment 2.50E+01 1.00E+04 2.00E+01 5.00E+06
miscellaneous 5.20E+03 1.40E+02 2.00E+01 1.46E+07 I
steel W-314 5.30E+01 8.00E+02 4.24E+04
cementtmisc W-314 1.53E+02 1.40E+02 2.14E+04 Total 1 2.17E+07

Offsite Rail trips/yr km/trip yr total
raw material 1.00E+01 8.00E+02 2.00E+01 1.60E+05 Total 1.60E+05

Onsite Truck
borrow 1.38E+03 1.00E+01 1.38E+04 Total 1.38E+04

VITRIFICATION
Construction

Onsite Truck trips km/trip total 1
borrow " -(51+04 1.00E+01 6.10E+05 Total 6.10E+05

. 7 11 Ft on

Offsite Truck s r trips kmltrip total
Tri-Cities .2.70E±04 1.40E+02 3.78E+06

- Portland/Seattle4,-/-it 1.10E+04 8.00E+02 8.80E+061 I
3.7403 q 	 = r' trips/yr km/trip  I I

miscellaneous 5.20E+03 1.40E+02 9.00E+00 6.55E+06 Total	 1 1.91E+07

Processing
M3	 Offsite Truck ? •5T trips/yr km/trip yr total

-	 -	 glassformer/chem	 I 5..13E+02 8.00E+02 1:60E+01 6.57E+06
miscellaneous +03 1.40E+02 1.60E±01 1.16E+07 Total	 1 1.82E+07

^/ r'ta 3
I

Offsite Rail trips/yr	 lkrrVtflp yr total
glassforrner/chem 63YE+_62 8.00E+02 t6,0E+01 8.15E+06 Total 8.15E+06

i

VITRIFIED HLW TRANSPORT I
Offsite Rail	 I trips km/trip Itotal I

,,.40P IYucca Mountain	 agiO09±ft- 2.93E+03 2.93E+04 Total 2.93E+04
3.	 6t c / I I

I I
CLOSURE I I

I

Onsite Truck Icu yd trip/cu yd km/trip	 Itotal

fill I 9.86E+05 1.00E-0111.00E+01I 9.86E+05
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EX SITU COMBINATION

RETRIEVAL
Waste Transport Itotal

Onsite Truck I 0.00E+00

Construction
Offsite Truck trips/yr km/trip yr total

concrete 2.40E+02 1.40E+02 2.00E+01 6.72E+05
raw material 2.25E+01 8.00E+02 2.00E+01 3.60E+05
equipment 1.25E+01 1.00E+04 2.00E+01 2.50E+06
miscellaneous 2.60E+03 1.40E+02 2.00E+01 7.28E+06
steel W-314 5.30E+01 8.00E+02 4.24E+04
certrent/misc W-314 1.53E+02 1.40E+02 2.14E+04 Total 1.09E+07

Offsite Rail trips/yr km/tdp yr total
raw material 5.00E+00 8.00E+02 2.00E+01 8.00E+04 Total 8.00E+04

Onsite Truck
borrow W-314 1.38E+03 1.00E+01 1.38E+04 Total 1.38E+04

VITRIFICATION
Construction

Onsite Truck Itrips km/tdp Itotal

borrow 0 2.60E+04 1.00E+01 2.60E+05 Total 2.60E+05
L•41 Efay

Offsite Truck „y trips km/trip I total
concrete ^1.45E+04 1.40E+02 .2.03E+06
steel •0z,^,g 4.75E+03 8.00E+02 3.80E+06

trips/yr km/trip yr
miscellaneous E+03 1.40E+02 1:00E+01 3.64E+06 Total 9.47E+06

2,v

Processing ,e"'L
Offsite Truck trips/yr km/trip yr	 Itotal

glassforrner/chem 1F15E+01 8.00E+02 1.95E+01 1.79E+05
miscellaneous +03 1.40E+02 1-95Et01 7.10E+06 Total 7.28E+06

2.4G Fio

Offsite Rail	 I trips/yr km/trip yr total
glassformer/chem 1,r30Et02 8.00E+02 4-.95E±01 2.03E+06 Total 2.03E+06

f }9ttcZ
/32t

VITRIFIED HLW TRANSPORT
Offsite Rail trips km/trip (total

Yucca Mountain 830E+0• 2.93E+03 2.49E+05 Total	 1 2.49E+05

CLOSURE

Onsite Truck Icu yd trip/cu yd km/trip	 Itotal

fi ll I 9.36E+05 1.00E-01 1.00E+011 9.36E+05

Page 32
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I
PHASE 1 IMPLEMENTATION SUB-ALTERNATIVE

yto.Cl n	 ^a.' ^

RETRIEVAL I

I

WASTE TRANSFER SYSTEM UPGRADE (W-314)
Onsite Truck trips km/trip total

borrow 1.38E+03 1.00E+00 1.38E+03 Total 1.38E+03

Offsite Truck
steel 5.30E+01 8.00E+02 4.24E+04
cement 1.00E+02 1.40E+02 1.40E+04 Total 5.64E+04

VITRIFICATION
Construction

Onsite Truck t
ri

ps km/trip total
borrow 1.96E+03 1.00E+01 1.96E+04 Total I 1.96E+04

Offsite Truck I trips km/trip total
concrete	 I 1.20E+03 1.40E+02 1.68E+05
steel 7.32E+03 8.00E+02 5.86E+06
miscellaneous 3.18E+03 1.40E+02 4.45E+05 Total 6.47E+06

Processing

Offsite Truck t rips km/trip total
glassformer/chem 3.50E+03 8.00E+02 I 2.80E+06
glassfoMeodchem 3.57E+03 1.40E+02 5.00E+05
miscellaneous 5.20E+04 1.40E+02 7.28E+06 Total	 1 1.06E+07

Offsite Rail trips km/trip total
glassformer/chem 2.18E+02 8.00E+02 1.74E+05 Total 1.74E+05

VITRIFIED HLW TRANSPORT

SITE RESTORATION
Onsite Truck trips	 Ikm/trip Itotal

contaminated waste 1.50E+03 1.61E+01 2.42E+04
noncont. waste 6.23E+04 1.61E+01 1.00E+06 Total 1.03E+06

^ I
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I	 I	 i i I I I I

TOTAL ALTERNATIVE

RETRIEVAL I
Waste Transpo rt Itotal

Onsite Truck 1.25E+04 Total 11.25E+04

= 7:n Construction
Offsite Truck trips/yr km/trp yr total

concrete 4.80E+02 1.40E+02 2.00E+01 1.34E+06
raw material 4.50E+01 8.00E+02 2.00E+01 7.20E+05
equipment 2.50E+01 1.00E+04 2.00E+01 5.00E+06
miscellaneous 5.20E+03 1.40E+02 2.00E+01 1.46E+07
borrow (W-314) 1.38E+03 1.00E+01 1.38E+04 Total 2.16E+07

Offsite Rail trips/yr km/trip yr total
raw material 1.00E+01 8.00E+02 2.00E+01 1.60E+05
steel (W-314) 5.30E+01 8.00E+02 4.24E+04
cement (W-314) 1.00E+02 1.40E+02 1.40E+04 Total 2.16E+05

VITRIFICATION
Construction

Onsite Truck , ,,/ trips km/trip total
borrow EtoS 1.00E+01 2.80E+05 Total 2.80E+05

Offsite Truck a trips km/trip total
concrete q-" E'+vq 1.57Et04 1.40E+02 2.20E+06

> steelyc7 7E „3 121E+03 8.00E+02 9.68E+05
^--^ miscellaneous 2,92E±04 1.40E+02 4.09E+06 Total 7.25E+06

a*/ 3-od+o

_zProcessing
Offsite Truck A.v3eaa4 tri ps km/trip total

assforme r/chem +03 8.00E+02 2.98E+06
miscellaneous =1.03E+05 1.40E+02 1.44E+07

g6ey

gl

process mate rial 3.67E+-03 .40E+02 5.00E+05 Total 1.79E+07

Offsite Rail	 I trips km/trip total
3. 0 1=to3 9lasslormer/chem 75Ef03 8.00E+02 2.20E+06 Total 2.20E+06
a	 l r t^3

^ f
VITRIFIED HLW TRANSPORT

Offsite Rail	 I	 Itrips I km/trip Itotal

Yucca Mountain -1.70E+02 2.93E+03 I 4.98E+05 Total	 I 4.98E+05
^'fa

CLOSURE
Onsite Truck cu yd trip/cu yd km/trip	 Itotal

fill	 I 9.86E+05 1.00E-01 1.00E+01 9.86E+051 I

Page 39
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Mgr/ a.-„_ q(,

(silt 1 6.93E+051 1.00E-0113.00E+01I2.08E+061
lriprap 061 1.00E-0 11 3.20E+01 I 3.36E+061
ag/sand 7.93E+05 1.00E-01I 1.00E+01 7.93E+051 I

Total 7.22E+06
GROUT FILL ]MUST

Onsite Truck sand/gravel 2.20E+03 1.00E+01 2.20E+04 Total 2.20E+04
Offsite Truck cement 4.63E+02 1.40E+02 6.48E+04 Total 6.48E+04

Onsite Truck (km) 7.79E+06
Onsite Rail (km) 0.00E+00
Offsite Truck (km) 5.52E+07
Offsite Rai] (km) 4.71E+06

EMPLOYEE VEHICLE
Retrieval person-yr trip/yr km/trip car pool total

Const. 1.06E+04 2.60E+02 1.40E+02 7.41E-01 2.86E+08
Ops/D&D 3.74E+04 2.60E+02 1.40E+02 7.41E-01 1.01E+09

Vitrification
Const. 1.98E+04 2.60E+02 1.40E+02 7.41E-01 5.34E+08
Ops/D&D 1.73E+04 2.60E+02 1.40E+021 7.41E-01 4.67E+08

Closure 4.90E+02 2.60E+02 1.40E+02 7.41E-01 1.32E+07
Total 2.31 E+09

Distance traveled in population zones

Urban Offsite km zone fraction Onsite TOTALS
Truck 5.52E+07 5.00E-02 2.76E+06
Rail 4.71E+06 5.00E-02 2.36E+05

Suburban
Truck 5.52E+07 5.00E-02 7.79E+06 1.05E+07
Rail 4.71E+06 5.00E-02 2.36E+05

Rural
Truck 5.52E+07 9.00E-01 4.97E+07
Rail E+061 9.00E-01 4.24E+06

Fatalities/injuries resulting from Truck and flail transportation accidents
urban km	 Isuburban km	 Irural km

1 truck	 I rail	 Itruck rail	 I truck	 I rail
2.76E+06 2.36E+05 1.05E+07 2.36E+05 4.97E+07 4.24E+06

urban truck fat/km	 I 7.50E-09 2.07E-02

Page 2
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^J9'^a-i3 4G

urban truck inj/km 3.70E-07 1.02E+001 I

urban rail fat/km 1.70E-08 4.01E-031

urban rail inj/km 3.30E-08 I	 7.78E-031
sub truck fatkm 1.30E-08 1.37E-01
sub truck inj/km I 3.80E-07 4.01E+00
sub rail fat/km 1.70E-08 4.01E-03
sub rail inj/km 3.30E-08 7.78E-03
rural truck fat/km 5.30E-08 2.63E+00
rural truck inj/km 8.00E-07 3.98E+01
rural rail fat/km 1.70E-08 7.21E-02
rural rail inj/km 3.30E-08 1.40E-01

TOTAL FATALITIES 2.87E+00
TOTAL INJURIES 4.50E+01

Fatalities/Injuries resulting from Employee vehicle accidents

km rate/km TOTAL
fatalities 2.31E+09 8.98E-09 2.07E+01
injuries 2.31 E+09 7.14E-07 1.65E+03

Cumulative fatalitie stinjuries from traffic impacts

transport employee TOTAL
FATALITIES 2.87E+00 2.07E+01 2.36E+01
INJURIES 4.50E+01 1.65E+03 1.69E+03

CONSTRUCTION ACCIDENTS
rate person-yr

TRC = 9.75E-02 3.09E+041= 3011.775
LWC = 2.45E-02 3.09E+04 = 756.805
Fatality = 3.20E-05 3.09E+04 = 0.98848

OPERATION ACCIDENTS
rate person-yr

TRC = 2.20E-02 5.47E+04 = 1203.4
LWC = 1.10E-02 5.47E+54 = 601.7
Fatality = 3.20E-05 5.47E+04 = 1.7504

TOTALS

Page 3
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Sheet2	 I y,4j _ R -t - u /0
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EX SITU NO SEPARATIONS ALTERNATIVE I

-RETRIEVAL
Waste Transports total

Onsite Truck 1.25E+04 Total 1.25E+04

Construction
Offsite Truck trips/yr krrVtrip yr total

concrete 4.80E+02 1.40E+02 2.00E+01 1.34E+06
- ; raw material 4.50E+01 8.00E+02 2.00E+01 7.20E+05

equipment 2.50E+01 1.00E+04 2.00E+01 5.00E+06
miscellaneous 5.20E+03 1.40E+02 2.00E+01 1.46E+07
steel W-314 5.30E+01 8.00E+02 4.24E+04
cefnenUmisc W-314 1.53E+02 1.40E+02 2.14E+04 Total 2.17E+07

-Offsite Rail trips/yr km/tdp yr total
raw material 1.00E+01 8.00E+02 2.00E+01 1.60E+05 Total 1.60E+05

Onsite Truck
borrow W-314 1.38E+03 1.00E+01 1.38E+04 Total 1.38E+04

VITRIFICATION
Sonstruction

Onsite Truck trips km/tnp total
borroww /•igt toy 1.00E+01 2.02E+05 Total 2.02E+05

1 `	 Offsite Truck I c1,35f trips km/tdp total
,. Try Cities . _^-36E+,04 1.40E+02 1.82E+06

-.--= Portland/Seat tle .00E 8.00E+02 4.00E+06
9 - 1Ke+o4l trips/yr km/trip yr

miscellaneous & . a 239E+03 1.40E+02 5.50E+00 4.00E+06 Total 9.82E+06

Processing
Offsite Truck	 I	 t^. ^Srto trips/yr km/trip yr total

w. Portand/Seattle -I&%s fi.e0E+01 8.00E+02 1.40E+01 5.60E+05
miscellaneous rr2@1=±03 1.40E+02 1.40E+01 1.02E+07 Total 1.08E+07

3•oFt^y

Offsite Rail strips/yr km/trip	 lyr total
+ate Portiand/Seattl 1-.P,3E,02 8.00E+02 1.40E+01 1.15E+06 Total 1.15E+06

a ^

VITRIFIED HLW TRANSPORT
Offsite Rail	 I km/trip total

Yucca Mountain +fi3 2.93E+03 6.27E+06 Total 6.27E+06
^l • 47 E+aY

CLOSURE I

Onsite Truck I cu yd trip/cu yd km/tdp	 itotal

fill	 I 1 9.86E+05 1.00E-01 1.00E+01 I 9.86E+051 I
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Isilt	 I I4.93E+051 1.00E-0 113.00E+01 I 1.48E+061 1
riprap	 I 18.35E+05 1.00E-01 3.20E+01 2.67E+061 1

lag/sand	 I 5.43E+05 1.00E-01 1.00E+01 5.43E+05 Total 5.68E+06
GROUT FILL IMUST

I
I I

Onsite Truck sand/gravel I 2.20E+03 1.00E+01 2.20E+04 Total I 2.20E+04
Offsite Truick cement 4.63E+02 1.40E+02 6.48E+04 Total 6.48E+04

I
Onsite Truck (km) 5.93E+06
Onsite Rail (km) 0.00E+00
Offsite Truck (km) 4.23E+07 I
Offsite Rail (km) 7.58E+06 I

EMPLOYEE VEHICLE
Retrieval person-yr trip/yr km/trip car pool total

Cotrst. 1.06E+04 2.60E+02 1.40E+02 7.41E-01 2.86E+08
lops 3.15E+04 2.60E+02 1.40E+02 7.41E-01 8.50E+08

Vitrification
Const. 1.48E+04 2.60E+02 1.40E+02 7.41E-01 3.99E+08
Ops 9.78E+03 2.60E+02 1.40E+02 7.41E-01 2.64E+08

Closure 4.62E+02 2.60E+02 1.40E+02 7.41E-01 1.25E+07
- total 6.71E+04

I
I Total 1.81E+09

Distance traveled in population zones
I

Urban Offsite km zone fraction Onsite TOTALS
Truck 4.23E+07 5.00E-02 2.12E+06
Rail 7.58E+06 5.00E-02 3.79E+05

Suburban
Truck 4.23E+07 5.00E-02 5.93E+061 8.05E+06
Rail 7.58E+06 5.00E-02 3.79E+05

Rural
Truck 4.23E+07 9.00E-01 3.81E+07
Rail 7.58E+06 9.00E-01 6.83E+06

I

Fatalities/Injuries resulting from Truck and Rail transportation accidents
urban km suburban km	 Irural km
truck rail truck rail	 Itruck I rail
2,12E+06 3.79E+05 8.05E+06 3.79E+05 3.81E+07 6.83E+06

urban truck fattkm 7.50E-091 1.59E-02 1
urban truck inj/km 3.70E-071 7.83E-01 1
urban rail fat/km

' -

70E-0 11 6.45E-03
urban rail inj/km 3.30E-08 1.25E-02 1
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sub truck fatkm I	 1.30E-08 1 1 1	 1.05E-011 1 1

sub truck inj/km I	 3.80E-071 1 3.06E+00
sub rail fat/km I	 1.70E-08 I 6.45E-03
sub rail inj/km 3.30E-08 1 I I	 1.25E-02
rural truck fat/km 5.30E-081 2.02E+00
rural truck inj/km 8.00E-07 3.05E+01
rural rail fat/km 1.70E-08 1.16E-01
rural rail inj/km 3.30E-081 1 2.25E-01

TOTAL FATALITIES 2.27E+00
TOTAL INJURIES I 3.46E+01

Fatalities/Injuries resulting from Employee vehicle accidents

km rate/km ITOTAL

fatalities I 1.81E+09 8.98E-09 1.63E+01
injuries 1.81E+09 7.14E-07 1.29E+03

Cumulative fatalitiesfinjuries from traffic impacts

transport employee TOTAL
FATALITIES 2.27E+00 1.63E+01 1.85E+01
INJURIES 3.46E+01 1.29E+03 1.33E+03

1
CONSTRUCTION ACCIDENTS

rate person-yr
TRC =	 I 9.75E-02 2.59E+04 = 2521.545
LWC = 2.45E-02 2.59E+04 = 633.619
Fatality = 3.20E-05 2.59E+04 = 0.827584

OPERATION ACCIDENTS	 I
rate person-yr

TRC = 2.20E-02 4.13E+04 = 908.16
LWC = 1.10E-02 4.13E+04 = 454.08
Fatality = 3.20E-05 4.13E+04 = 1.32096

TOTALS
INJUR  ir j I I
FATAL  I I 1
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Sheet3
	 /a- / ;F-- C? 6

3 -5' 6uo

I	
I	 I	 I I	 I

j	 EX SITU EXTENSIVE SEPARATIONS ALTERNATIVE, I
I I I

RETRIEVAL	 1 I 1 I I I
Waste Transport I total

Onsite Truck I 1.25E+04 Total 11.25E+04
I i i

Construction
Offsite Truck trips/yr km/trip Iyr total 1

concrete	 I I 4.80E+02 1.40E+02 2.00E+01 I 1.34E+06 I
raw material 4.50E+01 8.00E+02 2.00E+01 7.20E+05
equipment I 2.50E+01 1.00E+04I2.00E+01 I 5.00E+06

Imiscellaneous 15.20E+03 1.40E+02 2.00E+011 1.46E+071 I
steel W-314 5.30E+01 8.00E+02 4.24E+04
cement/misc W-314 1.53E+02 1.40E+02 2.14E+04 Total 2.17E+07

Offsite Rail	 I trips/yr I km/trip lyr total
raw material 1.00E+01 8.00E+02 2.00E+01 1.60E+05 Total 1.60E+05

Onsite Truck
borrow I 47a8E+03 1.00E+01 I 1.38E+04 Total 1.38E+04

VITRIFICATION I
Construction

Onsite Truck !trips I mWtrip I total
borrow j2.ILLr4,oSj 1.00E+01 6.10E+05 Total 6.10E+05

I I I
Offsite Truck Itrips km/trip total 1

Tri-Cities /. o 7 Efo^ ^. QE G4 1.40E+02 3.78E+06
_	 - Portland/Seattle 2.4 2 14-tOE+04 8.00E+02 8.80E+06

trips/yr km/trip yr	 I I
E = miscellaneous 4, ,2_ 0520E+03 1.40E+02 9.00E+00 6.55E+06 Total	 I 1.91E+07

I
Processing i

Offsite Truck trips/yr km/trip yr	 Itotal

3• 	 1glassformer/chemI s.^Oi 8.00E+02 1.60E+01 6.57E+06
!miscellaneous	 G.2 - 5.26E+03 1.40E+02 1.60E+011 1.16E+07 Total	 1 1.82E+07

I I I I

Offsite Rail Itripslyr km/trip yr total
g	 3 glassformer/chem `637E+03 8.00E+021 1.60E+01 I 8.15E+06 Total	 1 8.15E+06

I I I I

I
VITRIFIED HLW TRANSPORT I

Offsite Rail	 I trips km/trip !total I
Yucca Mountain 3.	 =1-*+AGE±01 2.93E+03 2.93E+04 Total 2.93E+04

I
I	 I j

CLOSURE	 I I I I

Onsite Truck	 I	 ;cu yd trip/cu yd	 Ikm/tdp Itotal I
Mil	 I	 1 9.86E+05 1.00 E-011 1.00E+011 9.86E+05
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Sheet3	
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Isilt	 I 16.93E+051 1.00E-01' 3.0 0E+011 2.08E+061
riprap 11.05E+061 1.00E-01 11 3.36E+06 1
ag/sand	 I 1 7.93E+051 1.00E-011 1.00E+01 7.93E+OS Total 7.22E+06

GROUT FILL IMUST I I I
I

i
Onsite Truck sand/gravel 2.20E+031 1.00E+01 2.20E+04 Total 12.20E+04
Offsite Truck cement 4.63E+02 1.40E+021 6.48E+04 Total 6.48E+04

I I I I
Onsite Truck (km)	 7.88E+061 1 I
Onsite Rail (km)	 0
Offsite Truck (km)	 5.91E+07
Offsite Rail (km)	 I 8.34E+061

I I
EMPLOYEE VEHICLE I

Retrieval	 person-yr Itrip/yr I km/trip car pool total
Const.	 11.06E+04 2.60E+02 1.40E+02 7.41E-01 2.86E+08
Ops/D&D	 3.74E+04 2.60E+02 1.40E+02 7.41E-01 1.01E+09

Vit
rifi

cation
Const.	 I 2.58E+04 2.60E+02 1.40E+02 7.41E-01 6.96E+08
0ps/D&D 16.95E+031 2.60E+02 1.40E+021 7.41E-01 1.87E+08

Closure	 4.90E+02 2.60E+02 1.40E+021 7.41E-01 I 1.32E+07
total	 1 8.12E+04 Total 12.19E+09

_ I

Distance traveled in population zones

Urban JOffsite km Izone fraction	 lOnsite TOTALS
Truck 15.91E+07 5.00E-02 I 2.95E+06 1

Rail I 8.34E+061 5.00E-02 ; 4.17E+05
Suburban

Truck 5.91E+07 5.00E-02 7.88E+06 1.08E+07
Rail 8.34E+06 5.00E-02 4.17E+05

Rural
Truck 5.91E+07 9.00E-01 I 5.32E+07 1

Rail 8.34E+061 9,00E-01 7.51 E+06

1 I
I I

Fatalities/Injuries resulting from Truck and Rail transportation accidents
Iurban km	 Isuburban km	 rural km
ttruck	 rail	 ttruck	 Jr2iI	 Itruck	 frail
12.95E+06 4.17E+051 1.08E+071 4.17E+05	 5.32E+07 7.51E+06

urban truck fat/km	 I 7.50E-091 2.22E-021	 I	 I
urban truck inj/km	 13.70E-07! 1.09E+001 i
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urban rail fat/km I	 1.70E-081 1 7.09E-031 j
urban rail inj/km 1	 3.30E-08 I	 1.38E-021 i
Tub truck fat. km 1	 1.30E-081 1 11.41 E-01 I I

sub truck inykm 13.80E-071 I ; 4.12E+00
sub rail fat/km I	 1.70E-081 I 7.09E-03
sub rail inj/km 13.30E-08 1.38E-021
rural truck fat/km 15.30E-08i I I I 12.82E+001
Tura-, truck inj/km 8.00E-07

I
4.26E+01

rural rail fat/km 1.70E-08 1.28E-01
rural rail inj/km 3.30E-08 1 2.48E-01

TOTAL FATALITIES 3.12E+00
TOTAL INJURIES 1 4.80E+01

I
Fatalities/Injuries resulting from Employee vehicle accidents

I i I I i

Ikm Irate/km ITOTAL

(fatalities I 2.19E+09 8.98E-09 1.97E+01
inju ries I 2.19E+09 7.14E-07 1.56E+03

Cumulative fatalitiesfinjuries from traffic impacts

I
1 (transpo rt employee TOTAL
FATALITIES	 j 3.12E+00 1.97E+01 2.28E+01
INJURIES 4.80E+01 1.56E+03 1.61E+03

I

I
CONSTRUCTION ACCIDENTS 1 I

rate person-yr
TRC = 9.75E-02 3.69E+04 =	 1 3596.7751 1

LWC = 2.45E-021 3.69E+04 = 903.805
Fatality = 3.20E-05 3.69E+04 =	 I 1.18048 1

1
OPERATION ACCIDENTS	 1

I	 I rate	 (person-yr
TRC =	 I 2.20E-02 4.44E+041= 1 975.7

I LWC =	 1 1.10E-02 4.44E+04 =	 1 487.85
(Fatality =	 3.20E-051 4.44E+041= 1 1.41921 I

I 1
TOTALS	 I
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FATAL i 2.54E+01

0
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EX SITU COMBINATION I I

RETRIEVAL
Waste Transport Itotal

Ons ite Truck I I 0.00E+00
i

Construction
Offsite Truck trips/yr km/tdp yr total

concrete 2.40E+02 1.40E+02 2.00E+01 6.72E+05
raw material 2.25E+01 8.00E+02 2.00E+01 3.60E+05
equipment 11.25E+01 1.00E+04 2.00E+01 2.50E+06
miscellaneous 2.60E+03 1.40E+02 2.00E+01 7.28E+06
steel W-314 5.30E+01 8.00E+02 4.24E+04^
cemen tfmisc W-314 1.53E+02 1.40E+02 2.14E+04 Total 1.09E+07

Offsite Rail	 I trips/yr km/t rip yr total
raw material 5.00E+00 8.00E+02 2.00E+01 8.00E+04 Total I 8.00E+04

Onsite Truck
borrow W-314 1.38E+03 1.00E+01 1.38E+04 Total 1.38E+04

VITRIFICATION
Construction

Onsite Truck I trips jICnVtrip I total
borrow.F3o g•y<-ey 1 2.60E F04 1.00E+01 2.60E+05 Total 2.60E+05

Offsite Truck trips km/trip total
4. concrete ;1.3<t o y 04 1.40E+02 I 2.03E+06

steel ,3 47-SE+03 8.00E+02 3.80E+06
trips/yr krn1trip yr

/•3/^ ^^ q miscellaneous 3 1.40E+02 1400&01 3.64E+06 Total 9.47E+06

- o
Processing

Offsite Truck	 I trips/yr km/trip yr total
glassformer/chem *45E+04 8.00E+02 1.95E+01 1.79E+05
miscellaneous Z60E+03 1.40E+02 1_95E±01 7.10E+06 Total 7.28E+06

Offsite Rail Iips/yr km/trip yr total
.m glassformer/chemA6 -3	 02 8.00E+02 *.95E±01 2.03E+06 Total 2.03E+06

I

VITRIFIED HLW TRANSPORT
Offsite Rail trips km/trip total

Yucca Mcuntain EFet.2.93E+03 2.49E+051Total 2.49E+05
-r

I I I. I
CLOSURE	 I I I

Onsite Truck	 Icu yd trip/cu yd km/trip total
fill 9.36E+05 1.00E-01 I 1.00E+01 1 9.36E+05
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silt 5.76E+05 1 1.00E-01 I 3.00E+01I 1.73E+06 1

riprap 9.21E+05 1.00E-01I 3.20E+01 I 2.95E+061
I

lag/sand 6.43E+05 1.00E-01! 1.00E+01 6.43E+05 Total I 6.25E+06
GROUT FILL (MUST i

Onsite Truck sand/gravel 2.20E+03 1.00E+01 2.20E+04^Tota1 2.20E+04
Offsite Truck cement 4.63E+02 1.40E+02 6.48E+04 Total I 6.48E+04

Onsite Truck (km) 6.55E+06
Onsite Rail (km) 0.00E+00
Offsite Truck (km) 2.77E+07
Offsite Rail (km) 2.36E+06

EMPLOYEE VEHICLE
Retrieval person-yr trip/yr km/trip car pool total

Cost. 6.36E+03 2.60E+02 1.40E+02 7.41E-01 1.72E+08
Ops/D&D 2.24E+04 2.60E+02 1.40E+02 7.41E-01 6.04E+08

Vitrification
Const. 1.19E+04 2.60E+02 1.40E+02 7.41E-01 3.21E+08
Ops/D&D 1.04E+04 2.60E+02 1.40E+02 7.41E-01 2.81E+08

Fill tank
Const. 5.70E+01 2.60E+02 1.40E+02 7.41E-01 1.54E+06 1

Ops/D&D 1.80E+03 2.60E+02 1.40E+02 7.41E-01 4.86E+07
Closure 5.74E+02 2.60E+02 1.40E+02 7.41E-01 1.55E+07

Total 1.44E+09

Distance traveled in population zones

Urban Offsite km zone fraction Onsite TOTALS
Truck 2.77E+07 5.00E-02 1.38E+06
Rail 2.36E+06 5.00E-02 1.18E+05

Suburban

Truck 2.77E+07 5.00E-02 6.55E+06 7.93E+06
Rail 2.36E+06 5.00E-02 1.18E+05

Rural
Truck 2.77E+07 9.00E-01 2.49E+07
Rail 2.36E+06 9.00E-01 2.12E+06

Fatalities/Injuries resulting from Truck and Rail transpo rtation accidents
urban km	 Isuburban km rural km
truck rail truck rail truckfrail
1.38E+06 1.18E+05 7.93E+06 1.18E+05 2.49E+07 2.12E+06

urban truck faUkm	 I 7.50E-09 1.04E-02
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urban truck inj/km 1	 3.70E-071 5.12E-01 I 1 1 1
urban rail faUkm I	 2.00E-031
urban rail inykm 1	 3.30E-08 I	 3.89E-03
sub truck fat.km 1.30E-08 1	 1.03E-011 1
sub truck inj/km 1	 3.80E-07 1 3.02E+001 I I
sub rail faUkm 1	 1.70E-08 1 2.00E-03
sub rail inj/km 1	 3.30E-08 ; j	 3.89E-031 I

rural truck fattkm 1	 5.30E-08 1.32E+00
rural truck inj/km 1 8.00E-07 1.99E+01
rural rail fat/km 1.70E-08 3.61 E-02
rural rail inj/km 3.30E-08 1 7.00E-02

TOTAL FATALITIES 1.47E+00
TOTAL INJURIES 2.35E+01 1

Fatalities/Inju ries resulting from Employee vehicle accidents
t_

km rate/km TOTAL
fatalities	 j 1.44E+09 8.98E-09 1.30E+01
injuries	 1.44E+09 7.14E-07 1.03E+03

Cumulative fatalities/inju ries from traffic impacts

transport employee ITOTAL
FATALITIES 1.47E+00 1.30E+01 I 1.44E+01
INJURIES 2.35E+01 1.03E+03 1.05E+03

1

CONSTRUCTION ACCIDENTS
F----Tr-ate	 1person-yr

TRC =	 9.75E-02 1.89E+041= 1841.873
LWC =	 1 2.45E-02 1.89E+04 = 462.82951 1 1
Fatality =	 1 3.20E-05 1.89E+04 = 0.604512

OPERATION ACCIDENTS
rate person-yr

1RC=	 1 2.20E-02 3.46E+041= 761.2LW. 

=	 1.10E-02 3.46E+04 =	 I 380.6
Fatality =	 !	 3.20E-051 3.46E+041= 1 1.1072

1	 1 1

TOTALS 1 1
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PHASE 1 IMPLEMENTATION SUB-ALTERNATIVE I 1 1
1

^	 I I I I

RETRIEVAL
I

I I

WASTE TRANSFER SYSTEM UPGRADE (W-314)
Onsite Truck trips km/trip total

borrow 1.38E+03 1.00E+00 1.38E+03 Total 1.38E+03

Offsite Truck
steel 5.30E+01 8.00E+02 4.24E+04
cement 1.00E+02 1.40E+02 1.40E+04 Total 5.64E+04

VITRIFICATION
Construction

Onsite Truck trips km/trip total
borrow 1.96E+03 1.00E+01 1.96E+04 Total 1.96E+04

Offsite Truck trips km/trip total
concrete 1.20E+03 1.40E+02 1.68E+05
steel 7.32E+03 8.00E+02 5.86E+06
miscellaneous 3.18E+03 1.40E+02 4.45E+05 Total 6.47E+06

Processing
Offsite Truck trips km/trip total

glassformer/chem 3.50E+03 8.00E+02 2.80E+06
glassformer/chem	 13.57E+03 1.40E+021 5.00E+05
miscellaneous 5.20E+04 1.40E+02 7.28E+06 Total	 I 1.06E+07

I I
Offsite Rail	

I
I trips km/trip total

glassformerlchem 2.18E+02 8.00E+02 1.74E+05 Total 1.74E+05
_.	

I I

VITRIFIED HLW TRANSPORT 1
I i i

SITE RESTORATION
Onsite Truck	 (trips km/trip total

contaminated waste	 1 1.50E+03 1.61E+01 1 2.42E+04
noncont. waste	 1 6.23E+04 1.61E+01 I 1.00E+06 Total 1.03E+06

i I
I I I
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I I I I
I I I

I

GROUT FILL (MUST j
I
i

Onsite Truck (km) 1.05E+06 j
Onsite Rail (km) 0.00E+00
Offsite Truck (km) 1.71 E+07
Offsite Rail (km) 1.74E+05

EMPLOYEE VEHICLE
person-yr trip/yr km/trip car pool total

Cohst. 1.07E+04 2.60E+02 1.40E+02 7.41E-01 2.89E+08
Ops/D&D 6.93E+03 2.60E+02 1.40E+02 7.41E-01 1.87E+08 Total 4.76E+08

!

Distance traveled in population zones

Urban Offsite km ozone fraction Onsite TOTALS !
Truck 1.71 E+07 5.00E-02 8.55E+05
Rail 1.74E+05 5.00E-02 8.72E+03

Suburban

Truck 1.71E+07 5.00E-02 1.05E+06 1.90E+06
Rail 1.74E+05 5.00E-02 8.72E+03

Rural
Truck 1.71E+07 9.00E-01 1.54E+071 I

Rail 1.74E+05 9.00E-01 1.57E+051
I

Fatalities/Injuries resulting from Truck and Rail transportation accidents
urban km	 I suburban km	 Irural km
truck	 Irail Itruck Irail Itruck rail
8.55E+05 8.72E+03 1.90E+06 8.72E+03 1.54E+07 1.57E+05

urban truck tt/km	 I 7.50E-09 6.41 E-03
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urban truck inj/km 13.70E-071 3.16E-011 I I !
urban rail fat/km I I	 1.48E-041
urban rail inj/km 08 I 2.88E-041 - I I
sub truck fat.km 1.30E-08 1 2.47E-02 ! I
sub truck inj/km 3.80E-07 7.23E-01
sub rail fat/km 1.70E-08 1.48E-041 I
sub rail inj/km 3.30E-081 2.88E-04
rural truck fat/km 5.30E-08 8.16E-01
rural truck inj/km 8.00E-07 1.23E+01
rural rail fat/km 1.70E-08 2.67E-03
rural rail inj/km 3.30E-08 5.18E-03

TOTAL FATALITIES
1 8.50E-01

TOTAL INJURIES 1.34E+01

Fatalities/Inju ries resulting from Employee vehicle accidents

km rOTAL
fatalities 4.76E+08 .27E+00
inju ri

es 4.76E+08 .40E+02

Cumulative fatalities/injuries from traffic impacts

ltranspo rt employee TOTAL
FATALITIES 8.50E-01 4.27E+00 5.12E+00
INJURIES 1.34E+01 3.40E+02 3.53E+02

CONSTRUCTION ACCIDENTS
rate person-yr

TRC = 9.75E-02 1.07E+041=

j262.15

043.25
ILWC = 2.45E-02 1.07E+04 =
Fatality = 3.20E-05 1.07E+041= 0.3424

OPERATION ACCIDENTS
rate person-yr

ITRC = 2.20E-02 6.93E+031= 152.46
ILWC = 1.10E-02 6.93E+03 = 76.23 1

Fatality = 3.20E-05 6.93E+03 =	 1 0.221761
1

I^

TOTALS
I
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(TOTAL ALTERNATIVE
1 1 1

I I
RETRIEVAL !

Waste Transport (total
Onsite Truck 1 1 1.25E+04 Total 1.25E+04

I
Construction

Offsite Truck trips/yr km/trip yr total
concrete I 4.80E+02 1.40E+02 2.00E+01 1.34E+06
raw mate

ri

al 4.50E+01 8.00E+02 2.00E+01 7.20E+05
equipment 2.50E+01 1.00E+04 2.00E+01 5.00E+06
miscellaneous I 5.20E+03 1.40E+02 2.00E+01 1.46E+07
borrow (W-314) 1.38E+03 1.00E+01 1.38E+04 Total 2.16E+07

Offsite Rail trips/yr km/trip yr total
raw material 1.00E+01 8.00E+02 2.00E+01 1.60E+05
steel (W-314) 5.30E+01 8.00E+02 4.24E+04
cement (W-314) 1.00E+02 1.40E+02 1.40E+04 Total 2.16E+05

VITRIFICATION
Sonstruction

Onsite Truck i, u	 c, trips k-Mtrip total
borrow _ 1.00E+01 2.80E+05 Total 2.80E+05

Offsite Truck t
ri

ps km/trip Itotal

--. concrete / X--q 4ifJ Et04 1.40E+02 2 .20E+06
'- - - steel 9.7r-a5 1E+03 8.00E+02 9.68E+05

miscellaneous3• 1/ea 2+92E± . 1.40E+02 4.09E+06 Total 7.25E+06

_-a.Processing

Offsite Truck t
ri

ps km/trip total
l•^S ZZq Iglassformer/chem 342Ef-03 8.00E+02 2.98E+06

miscellaneous r1.03E+05 1.40E+02 1.44E+071

o -+	 process material -1.40E+02 5.00E+05 Total 1.79E+07
I

Offsite Rail t
ri

ps km/trip total
3•v ef.,3 glassformer/chem +.03 8.00E+02 2.20E+06 Total 2.20E+06

VITRIFIED HLW TRANSPORT
Offsite Rail	 11 t

ri

ps km/trp total
Yucca Mountain 1.70E±021 2.93E+03 1 4.98E+05 Total 4.98E+05

c a1
I I I ! I

CLOSURE j
1

Onsite Truck
I
cu yd t rip/cu yd km/trip	 Itotal

]fill I 9.86E+051 1.00E-01 1.00E+01 1 9.86E+051
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(slit 6.93E+05 1.00E-01 1 3.00E+011 2.08E+061
riprap	 I I 1.05E+061 1.00E-01 3.20E+01 I 3.36E+06
ag/sand 7.93E+05 1.00E-01 1.00E+011 7.93E+051

Igrout fill sand [MUST I 2.20E+03 1.00E+01 I I 2.20E+041 Total 7.24E+06
Offsite Truck I trips I km/trip Itotal

groutfill cement IMUS I 4.63E+02 1.40E+02 6.48E+04 Total 6.48E+04

Onsite Truck (km) 7.53E+06
Onsite Rail (km) 0.00E+00
Offsite Truck (km) 4.69E+07
Offsite Rail (km) 2.91 E+06

EMPLOYEE VEHICLE
Phase 1 person-yr trip/yr km/trip car pool total

Cohst. 1.16E+04 2.60E+02 1.40E+02 7.41E-01 3.13E+08
Ops/D&D I 6.77E+03 2.60E+02 1.40E+02 7.41E-01 1.83E+08

Phase 2
ConsL 1.98E+04 2.60E+02 1.40E+02 7.41E-01 5.34E+08
Ops/D&D 4.91E+04 2.60E+02 1.40E+02 7.41E-01 1.32E+09

- Total 2.35E+09

Distance traveled in population zones

Urban Offsite km zone fraction Onsite TOTALS
Truck 4.69E+07 5.00E-02 2.34E+06
Rail 2.91E+06 5.00E-02 1.46E+05

Suburban

Truck	 I 4.69E+07 5.00E-02 7.53E+06 9.88E+06
Rail	 1 2.91E+06 5.00E-02 1.46E+05

Rural
Truck 4.69E+07 9.00E-01 4.22E+07
Rail 2.91E+06 9.00E-01 2.62E+06

Fatalities/Injuries resulting from Truck and Rail transpo rtation accidents
urban km	 Isuburban km rural km

j	 !truck	 Irail Itruck	 Irail truck	 I rail
2.34E+06 1.46E+05 9.88E+06	 1.46E+05 4.22E+07 262E+06

urban truck fat/km	 1 7.50E-091	 1.76E-021 I
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urban truck inj/km 13.70E-071 8.67E-0 1 I I
I I I

urban rail fat/km I	 1.70E-081 2.48E-031 I 1
urban rail inj/km I	 3.30E-081

1 
4.81E-031

1 1

sub truck fat.km I	 1.30E-08 1 1.28E-011 1
sub truck inj/km 3.80E-07 1 3.75E+00

1

sub rail fat/km 1.70E-08 2.48E-031
sub rail inj/km 3.30E-08 1 4.81 E-031 I

rural truck fat/km 5.30E-08 2.23E+00
rural truck inj/km 8.00E-07 3.37E+01
rural rail fattkm 1.70E-08 4.46E-02
rural rail inj/km 3.30E-08 1 8.66E-02

TOTAL FATALITIES 2.43E+00 j
TOTAL INJURIES 3.84E+01

Fatalities/Injuries resulting from Employee vehicle accidents
1 _

km rate/km TOTAL
fatalities 2.35E+09 8.98E-09 2.11E+01
injuries 2.35E+09 7.14E-07 1.68E+03

Cumulative fatalitiesfinjuries from traffic impacts

transport employee TOTAL
1

FATALITIES 2.43E+00 2.11E+01 2.36E+01
INJURIES 3.84E+01 1.68E+03 1.72E+03 i

CONSTRUCTION ACCIDENTS
rate person-yr j

TRC = 9.75E-02 3.14E+04 = 3061.5 1
LWC = 2.45E-02 3.14E+04 = 769.3
Fatality = 3.20E-05 3.14E+04 = 1.0048

1
OPERATION ACCIDENTS

rate person-yr
1

TRC = 2.20E-02 5.59E+041= 1 1229.14
LWC = 1.10E-02 5.59E+041= 1 614.571 I
Fatality = 3.20E-OS 5.59E+041= 1 1.787841 I !

1 1 ^ I

TOTALS 1 1
1
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JINJUR 6.01E+03i
FATAL 2.64E+01	 I	 _	 I
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I	 I	 I	 ^	 1 I

I EX SITU INTERMEDIATE SEPARATIONS ALTERNATIVE I
I I I I I I 1

RETRIEVAL	 I I I I I I
Waste Transpo rt I 1 Itotal I 1

Onsite Truck I I I 11.25E+041 I
I I (Total 11.25E+04

Construc
ti

on I I I i
Offsite Truck I I trips/yr km/trip lyr Itotal I

concrete	 I I 4.80E+02 1.40E+0212.00E+0111.34E+061 1
raw material 4.50E+01 8.00E+02 2.00E+01 7.20E+05
equipment 12.50E+01 1.00E+0412.00E+01 I 5.00E+06 1
miscellaneous 5.20E+03 1.40E+0212.00E+01 I 1.46E+071 I
steel W-314 1 5.30E+01 8.00E+02 4.24E+04 1
cement W-3 14 1.00E+02 1.40E+02 1.40E+04 Total 2.17E+07

Offsite Rail (trips/yr km/trip lyr total
I

I
raw mate rial 1.00E+01 8.00E+02 2.00E+01 1.60E+051Total 11.60E+05

Onsite Truck
borrow W-314 1.38E+03 1.00E+01 I 1.38E+04 Total I 1.38E+04

VITRIFICATION 1 I 1 1

Construction I I I I I
Onsite Truck ltrips kmttdp

22 Ftpy 1.00E+011
total

borrow	 17 5.20E+051 I
I i I I ITotal 15.20E+05

OffsiteTruck	 1	 (trips
concrete	 13.
steel	 _

krr3trip
^l7lto +f, 1.40E+021

/;yFfo`	 8.00E+02

Itotal	 I
14.06E+06

7.60E+06
trips/yr	 km/trip	 I yr I

(miscellaneous	 6,wF'f0_3	 1.40E+02 1.00E+01 7.28E+061 1

I Total	 1 1.89E+07

i
Processing I

Offsite Truck I I trips/yr. . knJtrip	 lyr total	 I I
ilassfomrer/them	 = r39Efo3

•^miscellaneouE	 G,6Eto3
8.00E+021 1.95E+01 I 3.59E+051 1
1.40E+02 1.95E+01 1.42E+071 I

Total 1.46E+07
I

Offsite Rail	 jtrips/yr	 km/trip	 lyr

_	 glassfarmer/cnonn.	 2-W469. 1 8.00E+0211.95E
T - I

Itotal

+01 I 4.06E+06
(Total I4.06E+06

I i I

VITRIFIED HLW TRANSPORT
Ofrsite Rail	 I	 I trips km/trip	 I

2.93E+031
total
4.98E+05

1
1Yucca Mountain

I

I	 I
I I Total	 I4.98E+05

I
CLOSURE	

i	

j i
I I I

Onsite Truck I

	 NI-1-86E+051

 yd trip/cu yd Ikm/Wp Itotal I I
fill	 I 1.00E-011 1.00E+011 9.86E+051 I

Page 1
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5^ua` 13- 3 7-^°^2r.4:..%^ Cwt+- 'L	 /1'dvu/ ^ _ . r- a G
I	 I	 I	 I	 t 1

I-	
I

I EX SITU INTERMEDIATE SEPARATIONS ALTERNATIVE j	 I
I 1 I 1 1' I 1

RETRIEVAL	 1 I I I 1
Waste Transport I I I Itotal I I

Onsite Truck I I I 1 1.25E+041 I
1 I (Total 11.25E+04

Construc
ti

on I
I

I
Offsite Truck I (trips/yr I km/trip Iyr (total I I

concrete	 I 4.BOE+02 1.40E+02 2.00E+01 1.34E+06 I
raw mate ri

al 1 4.50E+01 1 8.00E+02 2.00E+01 7.20E+05 I

equipment 2.50E+01I 1.00E+04 2.00E+01 I 5.00E+06
misce llaneous 5.20E+03 1.40E+02 2.00E+01 I 1.46E+07I I
steel W-314 5.30E+01 I 8.00E+02 4.24E+04 I
cement W-314 1.00E+02 1.40E+02I 1.40E+04 Total 1 2.17E+07

Offsite Rail trips/yr jkm1trip yr total I I
raw mate rial 1.00E+01I 8.00E+02 2.00E+01 1.60E+05 Total 1 1.60E+05

Onsite Truck I
I I

borrow W-314 1.38E+03 1.00E+01 1.38E+04 Total 1.38E+04
VITRIFICATION	 I I I

Construction	 I I
Onsite Truck	 _

borrow
trips
!.?SEtoS

km/trip total
{ 1.00E+01 5.20E+05

Total 5.20E+05
Offisfte Truck I trips	 Ikm/trip

5o e-p-oy	 1.40E+02
1. 7etoL,F 8.00E+02

I I total
concrete	 _ !
steel

I 4.06E+061
7.60E+06

trips/yr	 knVtrip yr
1.00E+01 7.28E+06--  miscellaneous, 5,S' 1.40E+02

(Total 1 1.89E+07
I

Processing I
..OffsiteTruck trips/yr._ km/trip

8.00E+02
yr
1.95E+01

total
3.59E+05

I
glassformer/them	 - .(3[-Ao3

,miscellaneous	 w .7oC+o3
-_

1.40E+02 1.95E+01 1.42E+07 I
Total 1.46E+07

I
Ofis ite Rail	 amps/yr	 . km/trip yr total

glassformer/them	 2.7e*a 8.00E+02 4.06E+061 I

--	 'I (Total I4.06E+06
I I

VITRIFIED HLW TRANSPORT
Offstte Rail	 trips km/trip total

Yucca Mountain 	 • Q.3$eto2

1	 J

2.93E+03 4.98E+05 I

Total	 1 4.98E+05

CLOSURE I I I

Onsite Truck	 I	 Icu yd	 (trip/cu yd Ikm/trip total	 I I
fill	 I	 19.86E+05 1.00E-01 1.00E+01 1 9.86E+051 I

Page 1
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Sheets	 Z r'.' 4) -

I	 I	 v	 I	 I	 I ! !
IEX SITU INTERMEDIATE SEPARATIONS ALTERNATIVE I I
I	 I I i 1 I I

RETRIEVAL	 I I I I 1 1
Waste Transport I I Itotal I I

Onsite Truck	 I I 11.25E+041 I
I	 . TTotal 11.25E+04

Construction I 1 I
Offsite Truck Itrips/yr km/tdp Iyr total

wncrete I 14.80E+02 1.40E+OZI2.00E+01 1.34E+061 I
raw material 4.50E+01 8.00E+02 2.00E+01 7.20E+OS I
equipment 2.50E+01 I 1.00E+04 2.00E+01 5.00E+061 I
miscellaneous 5.20E+03 1.40E+02 2.00E+01 1.46E+071 I
steel W-314 1 5.30E+01 8.00E+02 4.24E+041 I
cement W-314 1.00E+02 1.40E+021 1.40E+041Total 12.17E+07

Offsite Rail	 I trips/yr km/trip lyr Itotal

raw material 1.00E+01 8.00E+02 2.00E+01 1.60E+05ITotal 11.60E+05
Onsite Truck	 I i I I

borrow W-314 1.38E+03 1.00E+01 I I 1.38E+04 Total 1.38E+04
VITRIFICATION 1 I I 1

Construction 1
Onsite Truck trips

i( Cam$
km/trip total

borrow 1.00E+01 5.20E+051 1
Total 5.20E+05

Offsite Truck I	 It^ps	 Ikm/trip
_	 65fEfa	 1.40E+02

T.zyp' . 8.00E+02

I Itotal I 1
concrete 4.06E+06 1
steel

yr
7.60E+06

trips/yr km/tnp
Imiscellaneous	 5.54^to3t 1.40E+02 1.00E+01 7.28E+061

Total	 1 1.89E+07
I I

Processing 1
Offsite Truck	 I	 I trips/yr ,

-	 'glassibrmer/chem	 -a.d3_E^p3
-	 miscellaneous -r? E^o3.

I

km/trip yr	 Itotal
8.00E+02 1.95E+01 3.59E+051
1.40E+02 1.95E+01 I 1.42E+071 I

I
Total	 1

I
1.46E+07

Offsite Rail	 trips/yr
glassfomier/chem

km/trip	 lyr Itotail I
B.00E+021 1.95E+011 4.06E+06

Total	 1

I
4.06E+06_

VITRIFIED HLW TRANSPORT

Offsite Rail	 I	 Itrips km/trip	 I total I
Yucca Mountain	 - 11 13 2.93E+03 4.98E+05

TTotal I 4.98E+05

CLOSURE I I I
1

Ol
e Truck 1	 cu yd trip/cu yd	 1 krr	 rip total	 I 1

fill	 9.86E+05 1.00E-01 1.00E+011 9.86E+051

Page 1
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I	 I	 i	 !	 I

IEX SITU INTERMEDIATE SEPARATIONS ALTERNATIVE I
I I i I I !

RETRIEVAL I I i I I I
Waste Transport ! I Itotal I

Onsite Truck I I 1 1.25E+041 I
I (Total ; 1.25E+04

Construc
ti
on I I I

Offsite Truck 1trps/yr knVtrip I yr I total 1
concrete 14.80E+02 1.40E+02 2.00E+01 I 1.34E+061 I
raw material 4.50E+01 I 8.00E+02 2.00E+01 7.20E+05 !
equipment 2.50E+01 1.00E+04 2.00E+01 5.00E+061 1
miscellaneous I 5.20E+03 1.40E+02 2.00E+01 I 1.46E+071 I
steel W-314 I 5.30E+01 I 8.00E+02 4.24E+04
cement W-314 I 1.00E+02 1.40E+02 1.40E+04ITotal 12.17E+07

Offsite Rail 	 I Itrips/yr km/trip 1vr Itotal

raw material 1.00E+01 8.00E+02 2.00E+01 1.60E+05ITotal 11.60E+05
Onsite Truck	 I I 1

borrow W-314 1.38E+03 1.00E+01 1.38E+04 Total
VITRIFICATION 1

Construction
Onsite Truck Itrips km/trip total

g5.*204E
borrow 1.00E+01 5.20E+05

Total
Offsite Truck	 I I trips lknVtdp I Itotal	 I i

-- concrete	 5.vsito9l >2.90E+04I 1.40E+02 4.06E+061 I
-, steel	 1.it 47tey 9.5DE±03 8.00E+02 7.60E+06

hips/yr k 22E yr I
miscellaneous y, 5ye -S48E+03 1.40E+02 1.00E+01 7.28E+06

(Total 1 1.89E+07
!

Processing I
J-2 Efe	 ite Truck trips/yr._ km/trip yr total 1

q 1glassformer/cnem 11 8.00E+02 11.95E+01 3.59E+05
rim I miscellaneous 520E±03 1.40E+02 1.95E+01 1.42E+071 1

•7efo3	 I Total 1.46E+07
I

Offsite Rail 	 44V=4D2jtrips1yr km/trip yr	 I total
^..^ glassformer/them 2 60E+02 8.00E+02 1.95E+011 4.06E+06

I ^ ytta Total	 1 4.06E+06
I

VITRIFIED HLW TRANSPORT
Offsiie Rail trips km/tdp total I

-tea	 Yucca Mountain	 ..0-70E+02 2.93E+03 4.98E+051 1
1 .3Sc I (Total 4.98E+05

I I I
CLOSURE	

I	

j I I i

Onsite Truck cu yd trip/cu yd Ikm/trip total 1
fill	 1	 1 9.86E+05 1.00E-01 1.00E+01 9.86E+051 I

Page 1
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Table B.10.03 R

Resource	 Phase	 I ::\o

Land. permanendy
commi tted (hecta res)
(Lon,-term commitment
of radiclogically
mntaminat^ area)

Total 117

Construction/
Operation

0

Closure (	 17

Land. incrementa l
temporarily committed
(hectares) (at=
disturbed during
construction and
operations)

To
ta l 0

Construction/
Operation

0

Closure 0

Borrow Pit Disturbed
Area (hectares) based on
an excavation depth of 3
meters

McGee
Ranch

N/A

Pit 30 N/A

vemita
Quarry

N/A

Water. Tota l
(cubic meters)

'Sanitary plus
Raw Water

1.52E+06

Water. Sanitary
(cubic meters)

Ton! I N/R

Construction N/R

Operation N/R

Closure N/R

Water. Raw
(cubic meters)

Tad 1.5E+06

Construction N/A

Operation 1.5E+06-

Closure N/A

Energy
Electricity (Gwh)

Tad 1.1E+03

Construction N/A

Operation -	 1 1.1E+03

Closure N/A

Gasoline (cubic meters) Total	 I N/A

Construction N/A

Opera
ti
on NIR

Closure N/A
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Table B.10.0.3 Resource Sul

LC Situ
intermediate	 • l 3
,eoantions	 •n
alternative

Resource Phase No Acio
iAlternatij

Diesel (cubic mews) Total I2.2:-+04 8.82E+G. el.	 41 /• 6fE+0:5— e 0

Cortruction 2.[E+04 i

Operation

"NIAI

!.03=+03 7. $3 L^- to3 /.3RG f Oil 2.0 96"403

Closure N/A 6.62E+0;

I,erosene(cubic meters) ( Opera tion NIA S.SE+04 q$y y^.Fo I•D$gf 06' 7.	 E'I'Gt{

Materials:
Condve
(cubic meters)

Total N/A 7.29E+06 L7 6fio6 /,614 	 4-0 (1 9•Jfe)'0^

Construction I N!A S.4E+05 6',414116 j- ,  f> 3 Efio,S t; 	 3 674o t;'

Operation N/A	 11.7E+05 -(..1.	 {,pt 1.090d•0 4 3• 5, 3tfos

Closure NIA 1.9E+04

Carbon Steel
(metric cons)

Total 1Er03	 ,1.64E +05 ey.0

Constrturion I N/A	 01.07E +05 /_o7rfv ti' l•o7r"t0S l-o7Ero 6^

Operation 1E+03	 i NIR ^', ((, t: oq 2_0l G 1'03 `• •074 fo 14

Closure I N/R L9E+P: ^f !	 i' 7

Yv
rain ess Ste-_1 (mt o!u[ructton N/A

c- .9t fCt
! .	 c

H:uiz-Hoy/Inconel (mt) 	 I Comxruction \/R 2.3E+03

Glass Formers (mt) 	 I Operation NIA 2.94E+05 1-0 1bS G . a4 EfoS 3 .6rtl. 05

Process Chemicals (tm)	 ^ Opera tion	 I N/A '1'.9()F'+'05'1'.9()F'+'05
r 0

0i .+^ ^` ! j.(0"E fo>" 5. y7 E'}-o 0' ^• 2 7 E'f o S

Bulk sulfur e.-meet
sulfur(mt)
dicyclopcamicHne (mt)
oligomer(mt)

Operation N/A
1.30E+05
3.4E+03
3.4E+03

ii'	 ^"	 .

'3	 i(.2fC-Fe•

i ^.^ @1.03
S :3,I8Efi 63

7C/,sti

7'Ry GfiOa
'7-aNE1v 3

I•C/Efioa
j..s2rf •3

u•AR Efi o3

Ion exchange mediaI
(cubic mews)

Operation	 I N/A 2.2E+02 fi
a

-

Borrow Site Silt	 _ I
(cubic meters)	 i

Closure	 I N/A 5.2^+05

Borrow Site Sand and
Gravel (cubic mews)

Ton!	 -	 I N/A 1.08E+06 ^

Construction NIA 3.17E+05- -

Operation N/A N/A `;e

S^Closure N/A	 1^ 1.36E+06 .

Borrow Site Basalt	 I
(cubic metes)

Closure	 I N/A 3.05E+03

Asphalt (cubic metes)	 I Closure N/A I 8.07E+0 1
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:u /"'hN;f:f.'rYy::.,,^g.,a{':•: •v	 ^,^:... .rn, ^ v'In	 1 nw__ ._

'PnM. 11 IA A O T--..-..--._u_..

Alternative Itall Transport, Distance (kill) Truck Transport, Distance (k ilt) Employee vehicle
Distance (km)

Onsile Mile Onsile Offshe

Nu Actino N/A N/A N/A NIA 2.81 11+09

Long-Term 0 0 3.240+05 2.28C+07 2.91E+09
Management

In Sim Pill and Cap 0 0 5.63E+06 1.2911+05 7.0511+08

In Si tu Vitrification N/A 2.10E+05 6.83E+06 2.27E+07 1.32E+09

Ex Situ hncrmcdiate NIA 4:7111+06• 7.7911+06 •532C-+07• 2.31E+09
Scparalions Cr^)2 C-'t^N /•50 ciOJ°) 2$3C/ 6 '7t9

P.x Situ No ' NIA 7 38E+06' 5:9311+06 •4-23Ew07- 1.0613+09
Separations ,rte	 1

I 
u	

l'o ]
U)G'^GE'feG O(.aC°fc`^it^(Vildrici lion)

Ex Situ No
Separations

NIA 4:330+06
^6

'5:93 13+06' C23111+07 1.06E+09 '`7. 7 Sf I,
G .u3 Grl0^pl1) b•93 4C-'Iol 

^,)

(Calchlation)

lix Sill) Cxtulsive
Separations	 -

N/A 83413+06
5, 6'& 6 9a6

7;8813+06'

Y.3 G¢o Grl)
3:916+07—

ell
2.19E+09

'/-

ExCx Siudin Situ
Combination!

NIA 2.3611+06- 6.15E+06	
<tl

2.-77007'
5• cur fezt'^

1.44 13 +09
:3.34 Et o r, 1733 E fo&

phased N/A 1.74 11 +05 1.05 13 +06 1.71 13 +07 4.766+08
Implementation
(1'111511 i)

i'hased N/A 2y4E+06 6-.3013+06- 2:9811+07 1.726+09
implementation I'7y c-rcG f1( ) (j̀•42 E'fo	 el)ry
(Pllase.2)

N/A = Not Applicable

(I)nd^ile, le/>%„^^ L. 5.P.w4uJ

9.i

y ^
1 ^

J<i,Lyquvlbinlgmlb.d/I
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Table 11.10.0.7 Transmorinlian Summary by Tank Waste Alternative

Alternative ituIl Transport, Distance (kin) 'Truck Transport, Distance (kin) Employee Vehicle
Distance (kits)

ons0e Orrsue Onshe Orrshe

No Action N/A N/A NIA NIA 2.81E+09

Lang-Term 0 0 3.24E+05 228E+07 2.91E+09
Management

In Situ Fill and Cap 0 0 5.63E+06 1.29E+05 7.05E+08

In S itu Vi tr ification N/A 2.10E+05 6.83E+06 2.27E+07 1.32E+09

Ex Situ Intermediate NIA 4..71E+06 7:i9E+06 3:526+07-	 ail 2.31E+09
Separation G,72	 rob /-	 'Efc '7 1 `) /.2ocfas

Ex Situ No NIA %5811+06 5:9301 D6 43-313+07- 1.06E+09
Separation 4.SGto`/ 3•$lcL^e7O e-&V'E(-0?;-
(Vitrification)

Ex Situ No NIA 4:93E"fr 3113E+06- 4-.23E+07 1.06E+09
Separations 'j a5E'fio(o /.01Efo'70 /,13i 1•asSt`)
(Calcination)

Ex Situ L7xtellsiYe NIA 8a4I!h 0& 7,885+06- 5-M13* f^L.^n 2.19E+09
Separations Ffo6 Y•86CY v

Lx Situlln Situ NIA 2-36C-+06- &55C-+06	 tt)
/L °Z

7 7700 1.44E+09
Combination 3.36E to ISEioI;,

Phased N/A 1.74E+05 1.05E+06 1.71E+07 4.76E+08
Implementati0n

(phase 1)

Phased N/A °2c74E+06 6 ,-3OE+66- 3:981?+07-' 1.72E+09
Implementation y.7 tfr / v!r c/.g "EteG) E•7i c te7( 1 )

(Phase 2)

Natcs:
NIA = Not Applicable
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5.10.3 Rail Tra
ffi

c

.- -------------------

furl, ^^I.s^^, ^: r ^. 3

Rail traffic volumes would be rela
ti
vely small for all EIS altemahvps, and small impacts

on the rail systems would be expected (Table 5.10.2). The No Action, Long-Term
Management and In Situ rill and Cap alte rnatives would involve no rail traffic. The in
Situ Vitrification alterna

ti
ve would involve only 16 rail trips per year for transporting

construction mate rials and chemicals used during opera tiuns to the S ite.

The Ex Situ Intermediate Separations alte rna tive would involve an average of 200 rail
trips per year to deliver mate rials to the Site du ring construction and operations phases.
and 84 rail trips per year to transpo rt HLW to the nation's HLW reposito ry. From-2019
to 2024, when both waste pmnessing operations and HLW shipments a re ongoing,
total rail traffic would be 284 trips per year (24 trips per month).

The Fad Situ No Separations alte rna
ti
ve (vitrification) would require 80 rail trips per year

during construc
ti
on and operations and 735 rail trips per year for HLW transport to the

HLW repository. During the 2017 to 2019 pe
ri
od when operations and HLW shipments

overlap, a total of 815 rail trips per year (68 rail trips per month) would be expected.
The calcina

ti
on op

ti
on for the No Separations a

lt
ernative would involve 80 trips per year

du
ri
ng construc

ti
on and operations, 271 HLW shipments per year to the national

repository, and a combined peak (2017 to 2018) of 351 rail trips per year (29 trips per
month).

The Ex Situ Extensive Separations alte rnative would involve the largest number of rail
trips to the She du

ring construction and operations phases (485 trips per year), but the
smallest number of HLW shipments to the national repository (40 trips per year). From
2020 to 2024, when both operations and HLW shipments are ongoing, rail t rips would
average 525 per year (44 per month). The Ex Situ/In Situ Combination alternative
would require 100 rail trips to the S ite during construc

ti
on and operations and 42 HLW

rail shipments per year to the repository. From 2019 to 2024, when both operations and
HLW shipments are ongoing, rail trips would average 142 per year (12 per month).

Phased Implementa
ti
on (Phase I) would involve 2D rail shipments per year to b ri

ng
materials onto the Site, but no offsite shipments of HLW. The total Phased
Implementation a lternative would require 108 rail shipments per year du

ring
construction and operations, 83 rail shipments per year to the HLW repository, with a
peak of 191 rail trips per year (16 rail trips per month) from 2019 to 2028 when both
operations activities and HLW shipments a re ongoing.

Rail traffic volumes associated with the capsule a lternatives would be minimal. The
Capsules No Action and On-Site Disposal alte rna

ti
ves would Involve no fall traffic. The

Overpack and Ship alternative would involve 6 rail shipments of HLW per year to the
na

ti
onal repository in 2028 and 2029 only. Rail trips asso ciated with the Vitrify With

Tank Waste alternative are included in the rail trips estimated for the tank waste ex situ
alternatives.
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Table 9-7. Transportation in Support of Processing (Units as Indicated).
^^	 u> 	 .	 .. ^*

S^paratt	 Al	 v	 ^„:^:

NQMW Q ration
Route location Portland/Seattle
(State mileage) (400 kilometers)

Roadtype Asphalt
(gravel or asphalt)

Number of trips per year m
Truck 513
.Train 637

High-level waste tran3portation
Route location
(State mileage) 1,3309)

Number of overpack canisters 125 t41

Number of total trips by train loll)

Notes:

Based on yearly loads of glass formers and other cold chemicals. Resins a re transported by truck.

2T,ams consist of 130-ton railcars with 20 cars per twain.

Mileage based on travel from Hanford to Yucca Mountain per Table 3-7 (TRW 1995).

Information provided by Hanford Railroad - Transportation.

'Based on 4 canisters placed in a Hanford overpack canister.

°Based on the transportation of 10 mul ti-purpose canisters by 10 railcars per week from Hanford to
future repository .

For additional information, see Appendix F, and also Jansen, G., 1995, Badatp Information for
Data Tables w Extensive Separations Altern ative Engineering Data Package,
WHC.SD-WM DP-129, Rev. 0, Westinghouse Hanford Company, Richland, Washington.

TRW, 1995, A ssessment of Pre-Closure System Cart and Health and Safery Impacts of Hanford
Mgh-Level Waste Vitrification Options on the Civilian Radioactive Waste Management System
A00000000-02717-5707-00003, Rev. 0, TRW Environmental Safety Systems, Inc., Vienna, Virginia.
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